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Six f i e l d experiments were conducted at Al iga rh ( I n d i a ) 
dur ing 1980-83 t o t e s t t h e e f f i cacy of supplemental f o l i a r 
a p p l i c a t i o n of N, P and S, appl ied t o mustard ( B r a s s i c a iuncea L. 
C z e m . 8, Coss . ) a t f lowering and f r u i t i n g s t ages so as to s e l e c t 
-the-opt-iiHura-dose as. w e l l ^ a s j / a r i e t i e s e x h i M t i n g b e t t e r response . 
Experiments 1, 4 and 5 were conducted according t o simple 
randomised block des ign and the r e s t , according t o s p l i t - p l o t ^ 
d e s i g n . The d a t a were most ly found s i g n i f i c a n t and t h e i r s a l i e n t 
p o i n t s a re given below: 
Experiment 1 (1980-81) was a p re l iminary v a r i e t a l t r i a l . 
The comparat ive performance of t e n v a r i e t i e s (Appressed Mutant, 
Pusa Kisan, Pusa K r a n t i , R.75-2, RIK-3, RL-i8, RS^3, T - i l , T^16 
and Varuna), r ece iv ing a uniform basa l d r e s s i n g of 60 kg N + 40 kg 
^2*^5 + "^ ^9 ^ 0 / h a (^50^40^40^* ^^^ assessed i n terms of pods pei 
p l a n t , seeds p e r pod, h e c t o - l i t r e weight , seed y i e l d , o i l percentage 
and o i l y i e l d , whi le o i l q u a l i t y was determined by ac id , iod ine 
and s a p o n i f i c a t i o n v a l u e s , Varuna proved bes t f o r many c h a r a c t e r s , 
i n c l u d i n g seed and o i l y i e l d , with T- i6 , T - i l , Appressed Mutant, 
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R.75-2 and RL-i8 following i t in the order given. 
Experiments 2 and 3 (1980-81) were car r ied out on Vaiuna 
to se lec t t h e best out of four spray doses of N with and without 
P and S (Experiment 2) and the best out of s ixteen combinations 
of P and S spray (Experiment 3), to supplement two basal regimes 
of N and P with a uniform dose of K (main plot t rea tments ) . 
The basal treatment N^o^40 P^^®<^ b e t t e r for most parameters 
in both experiments. Of the spray t reatments , N^QP^SO proved 
generally superior t o o thers in Experiment 2 and PQS^ in 
Experiment 3 . Considering the in t e rac t ions between basal and 
spray t rea tments , in general , each spray proved b e t t e r for most 
characters at N^QP^Q than at M4QP20 ^" both experiments; whereas, 
at both basal l e v e l s , ^20^2^2 P^^®<^ best in Experiment 2 and at 
^^60^40* ^8^2 6^c®ll®^ most o ther sprays in Experiment 3 . 
Experiment 4 (1981-82) was l a id out to compare the 
efficacy of f o l i a r appl icat ion with top-dressing and to se lec t 
t h e i r optimum combination with basal N for Varuna, grown with 
a uniform dose of P and K. In short , spray treatments gave b e t t e r 
r e su l t s than top-dress ing . The combination N^Q (basal ) + ^20^8^2 
( spray) generally proved best and also proved most economical. 
Experiment 5 (1982-83) was based on the bas is of the data 
of Experiment 4 . The response of a l l ten v a r i e t i e s to spray of 
^20^8^2 » applied with basal ^^0^40^40 ' ^" r e l a t ion to yield and 
qual i ty parameters was s tudied. Var ie t ies R.75-2, RL-i8 and RS-3 
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which proved comparatively poor y ie lders in Experiment i (basal 
^^60^40^40 ^"•'•y^ responded b e t t e r to spray of N2QPQS2 and occupied 
the top pos i t ions together with Varuna in seed and o i l y i e l d s . 
On the o ther hand, Appressed Mutant, which gave very high seed 
yield and was second only to Varuna in Experiment 1, fai led to 
maintain i t s super ior i ty in t h i s t r i a l . 
Experiment 6 was conducted simultaneously with Experiment 5 . 
The comparative performance of six b e t t e r responding v a r i e t i e s in 
Experiment 1 ( sub-plots) to spray of N2QPQS2 at two basal doses 
of N and P applied with a uniform K dose (main p lo t s ) was studied 
in re la t ion to yield and qual i ty c h a r a c t e r i s t i c s . As in Experiment 
2 and 3, N ^ Q P ^ proved b e t t e r than N ^ P 2 Q for most charac te r s . 
Varuna gave maximum seed y ie ld , followed by T-16 and R.75-2. 
Considering in t e rac t ion effect , each var ie ty gave b e t t e r r e su l t s 
at N^QP4n for most cha rac t e r s . However, o i l y ie ld of Appressed 
Mutant at N ^ P 2 Q was at par with t ha t at N ^ Q ^ ^ * ^'^ ^40^20* ^"^^ 
and T-i6, and at N^^P^^, R.75-2 and RL-18 performed b e t t e r for 
many charac te r s . In t e re s t ing ly , Varuna gave b e t t e r response at 
both basal l e v e l s . 
The data provide the following new addit ions to the 
l i t e r a t u r e on the mineral nu t r i t i on of mustard: 
1 . The comparative adaptabi l i ty of ten high yielding v a r i e t i e s 
to the conditions obtaining at Aligarh (Western Ut ta r Pradesh) 
has been t e s t ed for the f i r s t t ime. Of these , Varuna gave the 
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best response to basal ^^0^40^40* ^^^^^ proved superior to 
^40^20^40* 
2 . Response to f o l i a r application of various doses of N, P 
and S was studied and •^20^8^2 ^^^ establ ished as t he optimum 
dose to supplement basal ^60^40^40* ^^ proved more economical 
than a l l combinations of basal and top app l ica t ions . 
3 . This combination of basal and f o l i a r nu t r i en t s proved 
prof i t ab le for cu l t iva t ion of R.75-2, RL-i8, RS-3 and Varuna 
which responded well under local condi t ions . 
4 . Varuna could also be grown prof i tably ( a l b e i t with reduced 
returns) with ^50^40^40 ^^^^^ f e r t i l i s a t i o n only, i f supplemental 
spray could not be undertaken. 
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CHAPTER - i 
INTRDDUCTION 
CHAPTER - i 
INTHDDUCTION 
Edible o i l s form one of t h e bas i c components of food by 
v i r t u e of t h e i r high n u t r i t i v e c o n t e n t . This importance of o i l s 
and f a t s was recognised e a r l y i n va r ious human c i v i l i s a t i o n s . 
However, o i l c a k e s , a by-product of o i l e x t r a c t i o n p r o c e s s , 
given to c a t t l e and p o u l t r y as a source of p r o t e i n ever s ince 
domes t i ca t ion was under taken , have been recommended fo r human 
consumption only r e c e n t l y . O i l s and f a t s fu rn i sh 2 . 5 t imes more 
c a l o r i e s by weight than c a r b o h y d r a t e s . The f a t t y ac ids i n ed ib l e 
o i l s a lso provide t h e human body a medium fo r t h e t r a n s p o r t of 
v i t a m i n s . 
In I n d i a , o i l s and f a t s are u t i l i s e d mainly as a cooking 
medium. Bes ides , they are also used as such i n t h e manufacture 
of cosmet ics , h a i r o i l s , l u b r i c a n t s , a c id s , p a i n t s , soaps , 
t o i l e t e r i e s and v a r n i s h e s and i n t h e foim of o i l c a k e s as manure 
and p e s t i c i d e . 
O i l seeds occupy an impor tant p l ace in I n d i a ' s economy, 
being next t o food g r a i n s as a faim commodity, accounting fo r 
about 10 pe r cent of 142.6 m i l l i o n h e c t a r e s of c u l t i v a t e d l and . 
Product ion of o i l s e e d s i n I n d i a i s t h e t h i r d l a r g e s t i n t h e world. 
She ranks f i r s t i n t h e p roduc t ion of groundnut and sesame but i s 
a poor second where rapeseed-mustard and c a s t o r seed are concerned. 
- i -
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India accounts for a tenth of the world output of vegetable o i l s 
and f a t s . HovMever, viewed in the global context , India has the 
dubious d i s t inc t ion of showing the lowest average yield i n sp i t e 
of having the highest acreage under o i l seeds . At 736 kg, 
I nd i a ' s yield per hectare i s much lower than the national 
averages of the o ther countr ies , including Nigeria - 1,615.38; 
United States - 1,474.58; Argentina - 1,153.49 and China -
1,148.55 kg/ha (Anonymous, 1983). 
Until the Second World War, India was a leading exporter 
of oi lseeds and vegetable o i l s , and was reasonably se l f - su f f i c i en t 
even as l a t e as the i 9 6 0 ' s . However, production of o i l seeds has 
fai led to keep pace with increasing domestic and i ndus t r i a l 
demands in recent yea rs . To meet t h i s s i t ua t ion , the Government 
has adopted the policy of imports of edible o i l s on a massive 
scale since 1977, the quantity imported during 1977 to 1983 being 
0.7 to 1,2 mill ion tonnes every year . The magnitude of the import 
has now reached such an alarming scale tha t i t accounts for over 
a quar ter of the t o t a l edible o i l consumption in the country. 
This recurring shortage of edible o i l seeds has compelled 
the Government to plan a multipronged strategy for t h e i r 
development indigenously. This includes, breeding of high 
yielding va r i e t i e s and introduct ion of non- t radi t ional o i lseeds 
such as soybean and sunflower; exploi ta t ion of new sources, l i ke 
cotton seed and r ice-bran; and of new techniques pa r t i cu l a r ly 
in t he solvent extract ion indus t ry . In addition, more incent ives 
and b e t t e r f a c i l i t i e s for increased productivity and procurement 
have been provided. Measures t o check the diversion of edible 
o i l s t o soap and other indus t r i e s have also been adopted. Yet, 
the desired break-through in oi lseed production, comparable t o 
t h a t in cerea ls , i s s t i l l t o be achieved. 
Production of o i l seeds f luc tuates widely from year t o year 
due t o the vagaries of the weather, as only 8 per cent of the 
t o t a l area under o i l seeds i s i r r i ga t ed (Anonymous, 1983), A 
subs tan t ia l part of the rainfed area under o i l seeds consis ts of 
marginal lands . Even otherwise, the farmer does not give the 
same weight age to o i l seeds as to ce rea l s . In fac t , they are 
mostly grown as i n t e r c u l t u r e . Use of poor qual i ty seed diminishes 
productivity fur ther . Pes ts cause considerable losses both at 
the early stage and at crop maturi ty . Poor post-harvest technology, 
lack of marketing support and of proper storage and processing 
f a c i l i t i e s also have an adverse e f fec t , 
-'In addition, cu l t iva t ion of o i lseeds has been considerably 
neglected due to high p r io r i t y accorded to c e r e a l s . As i t i s not 
possible to bring much more land under oi lseed cu l t i va t ion , the 
only a l t e rna t ive l e f t i s to increase the per hectare product iv i ty . 
To improve the s i t ua t ion , high yielding v a r i e t i e s should be 
evolved and adopted. However, with the re lease of new v a r i e t i e s 
of crops, i t becomes imperative to work out for each agro-climatic 
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region the precise package of farm pract ices to ensure ful l 
explo i ta t ion of t h e i r genetic potent ia l as species , and even 
v a r i e t i e s , d i f fe r considerably in t h e i r requirement of inputs , 
including f e r t i l i s e r s (Mill ikan, 1961; Langer, 1966)," 
Generally, high yielding v a r i e t i e s of crop plants consume 
la rge amount of f e r t i l i s e r s . In addit ion, much of the so i l -appl ied 
f e r t i l i s e r s i s rendered unavailable t o the plant as i t grows 
because of many fac tors , including leaching, ' f i x a t i o n ' and 
decomposition. I t has been reported t h a t upto about 50 per cent 
of t h e soi l -appl ied nitrogen remains unut i l i sed by crop plants 
(Anonymous, 1971), Moreover, f ixat ion of applied phosphorus 
(upto about 70 per cent) in the so i l i s also very common (Russel l , 
1950), To overcome t h i s s i t u a t i o n , other techniques l i k e 
top-dressing are generally adopted. Similar ly , f o l i a r application 
of nu t r i en t s has proved very eff ic ient and economical for crop 
p lants (Boynton, 1954; Wittwer and Teubner, 1959; De, 1971; 
Afridi and Wasiuddin, 1979; Afr idi , 1983). At Aligarh, considerable 
work has been done by Afr idi , Samiullah and t h e i r associates 
during the l a s t decade on various aspects of mineral n u t r i t i o n 
of a number of crops. Research on oi lseeds has yielded 
pa r t i cu la r ly encouraging r e s u l t s , special ly with respect t o 
f o l i a r application of nu t r i en t s (Naqvi, 1976; Naqvi et _al,., 1977; 
Afridi et _al., i978a; Parvaiz, 1980; Parvaiz et j d . , 1982; 
Afridi e t _ ^ . , 1983; Mohammad and Samiullah, 1983; Parvaiz 
et ^ . , 1983; Samiullah et al.., 1983). 
With the above facts in view, i t was decided t o undertake 
a more extensive v a r i e t a l t r i a l on mustard, which accounts for 
about 16 per cent of the edible o i l production in the country 
(Anonymous, 1980), I t was also decided t o inves t iga te ways and 
means t o effect economy of f e r t i l i s e r s . Six f ie ld experiments 
were conducted during ' r a b i ' (winter) season between 1980 and 
1983 t o study the yie ld and qual i ty c h a r a c t e r i s t i c s of mustard 
with aims outlined below: 
1 . To select t he b e t t e r performing v a r i e t i e s of mustard 
(showing greater adaptabi l i ty t o local conditions) out of ten 
high yielding genotypes recommended for cu l t iva t ion in 
Ut ta r Pradesh. 
2 . To select t h e optimum dose of supplemental f o l i a r nitrogen 
with and without phosphorus and sulphur applied to Varuna (a 
loca l ly popular var ie ty) at two leve ls of basal ni trogen and 
phosphorus with a uniform dose of potassium. 
3 . To select the optimum combination of leaf-appl ied phosphorus 
and sulphur for Varuna under two basal regimes of nitrogen and 
phosphorus with potassium added uniformly. 
4 . To compare the efficacy of supplemental f o l i a r applicat ion 
with top-dressing and t o se lec t t h e i r optimum combination with 
basal nitrogen for Varuna grown with a uniform dose of phosphorus 
and potassium. 
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5. To evaluate ten mustard v a r i e t i e s grown with suff ic ient 
basal ni trogen, phosphorus and potassium supplemented with the 
optimum dose of leaf-appl ied ni trogen, phosphorus and sulphur 
selected on the basis of Experiments 2-4, 
6. To compare the response of six v a r i e t i e s ( se lec ted for 
t h e i r b e t t e r performance in Experiment i ) to the optimum dose 
of f o l i a r ni trogen, phosphorus and sulphur applied as supplement 
under two basal regimes of nitrogen and phosphorus with uniform 
potassium. 
The s t a t i s t i c a l l y analysed data of these experiments and 
the conclusions drawn from them are discussed and presented in 
t h i s t h e s i s . 
CHAPTER ~ 2 
REVIEW OF LITERATURE 
CONTENTS 
2 . i 
2 . 2 
2 . 2 . 
2 . 2 . 
2 . 2 . 
2 . 2 . 
2 . 3 
2 . 4 
2 . 5 
2 . 6 
2 . 7 
2 . 8 
i 
.2 
3 
4 
H i s t o r y of i n o r g a n i c p l a n t n u t r i t i o n . . . 
N i t r o g e n , p h o s p h o r u s , p o t a s s i u m and s u l p h u r 
i n p l a n t n u t r i t i o n . . . . . . . . . 
N i t r o g e n . . . . . . . . . 
P h o s p h o r u s . . . . . . . . . 
P o t a s s i u m . . . . . . . . . 
S u l p h u r 
Mustard group . . . . . . . . . 
w ^ O O • « • • • • • * « 
F e r t i l i s e r r e q u i r e m e n t s . . . . . . 
E f f e c t of b a s a l a p p l i e d NPK and S a l o n e o r 
i n c o m b i n a t i o n s on y i e l d and q u a l i t y of 
mus ta rd . . . . . . . . . 
F o l i a r a p p l i c a t i o n . . . . . . . . . 
Conc lud ing r emarks . . . . . . _ , , , 
PAGE 
7 
8 
8 
10 
12 
13 
15 
17 
18 
18 
42 
50 
CHAPTER - 2 
REVIEW OF LITERATURE 
2 , 1 His to ry of inorgan ic p l an t n u t r i t i o n 
The importance of manures i s known from t i m e immemorial. 
In I n d i a , c r e d i t i s given t o P a r a s a r a ( c i r c a 1,300 B.C.) fo r 
emphasising t h a t "without manure, r i c e p l a n t s grow but do not 
bea r a crop" (Tamhane jet_ _al.., 1970) . In f a c t , i t was u n i v e r s a l l y 
b e l i e v e d u n t i l about t h e middle of t h e l a s t cen tury t h a t t h e 
e n t i r e n u t r i t i o n a l requ i rements of c rop p l a n t s were provided by 
applying organic f e r t i l i s e r s t o t h e s o i l before sowing. However, 
l i t t l e was known about t h e unde r ly ing p r i n c i p l e s . In t h i s 
c o n t e x t , c r e d i t goes t o de Saussure (1804) , who, fo r t h e f i r s t 
t i m e , emphasised a c lose r e l a t i o n s h i p between t h e mine ra l s 
found in t h e s o i l and t h e p l a n t s t h a t t h r i v e d on i t . L a t e r , 
w i t h i n a span of a few decades , o t h e r workers , i n c l u d i n g 
Bouss ingau l t in France, L ieb ig in Germany, and Lawes and G i l b e r t 
i n England e l abora ted o t h e r a spec t s of minera l n u t r i t i o n 
( R u s s e l l , 1950), 
Sachs ( i860) and Knop (1861) , us ing l i q u i d c u l t u r e s , were 
able t o show t h a t t e n elements a re e s s e n t i a l t o t h e p l a n t . They 
l i s t e d them as carbon, hydrogen, oxygen, n i t r o g e n , phosphorus, 
potass ium, calcium, su lphur , magnesium and i r o n . These elements 
( excep t i r o n ) are r e q u i r e d i n r a t h e r l a r g e q u a n t i t i e s and they 
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have been named macronutrients. Due t o lack of fine techniques 
at t h e i r disposal , both Sachs and Knop fa i led t o note the 
c ruc ia l role played by some other nu t r i en t s required in extremely 
small amounts. I t was in the present century, when b e t t e r 
measuring and analysing devices were ava i lab le , t h a t plant 
s c i e n t i s t s were able to es tab l i sh the e s s e n t i a l i t y of elements 
l ike boron, chlorine, copper, manganese, molybdenum and z inc . 
Since these are required in minute amounts, they have been 
named as micronutrients (Bould, 1963) or t r a ce elements ( S t i l e s , 
1961). 
2,2 Nitrogen, phosphorus, potassium and sulphur in plant 
nu t r i t i on 
2 ,2 ,1 Nitrogen 
The requirement of nitrogen for plant growth has been 
known from the dawn of c i v i l i s a t i o n . However, the e a r l i e s t 
s c i e n t i f i c report seems t o date back to 1656 when Glauber 
obtained sa l tpe t r e from c a t t l e manure and found t h a t i t had 
great stimulating effect on plant growth. He concluded, though 
eroneously, tha t f e r t i l i t y of the so i l as well as t h a t of 
manures was ent i re ly due to s a l t p e t r e (Bould, 1963). Later , 
pos i t ive response to so i l -app l ied nitrogen was observed at 
Rothamsted Experimental S ta t ion in England (Russe l l , 1950), 
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Nitrogen, mostly absorbed by plants as n i t r a t e (NO^), i s 
reduced and incorporated into organic compounds (Bandurski, 
1965; Beevers and Hageman, 1969). I t occupies a d i s t i n c t i v e 
place as i t i s the most" important plant cons t i tuen t . The 
concentration in most higher plants considered adequate is 
1.5 per cent on a dry weight basis (Salisbury and Ross, 1977). 
I t i s an in tegra l part of a large number of e s sen t i a l organic 
compounds, including amino acids, pro te ins , coenzymes, porphyrins, 
purines, pyrimidines,chlorophyll , some vitamins and growth 
hormones. Porphyrin s t ruc tu re i s found in such metabolically 
important compounds as chlorophylls and cytochromes, e ssen t ia l 
in photosynthesis and r e sp i r a t i on . Purines and pyrimidines are 
the const i tuents of r ibonucleic acid and deoxyribonucleic acid, 
essen t ia l for protein synthesis and t r ans fe r of genetic 
information (Devlin, 1981). The role of vitamins and hormones 
in plant l i f e i s also well known. 
Under conditions of nitrogen deficiency, leaves are small, 
stems are t h i n and upright and l a t e r a l shoots are few; hence 
growth shows sparse appearance. Nitrogen makes plants dark green 
and more succulent and nitrogen deficiency r e s u l t s in yellowing 
of leaves due to loss of chlorophyll . I t has been demonstrated 
tha t many crops, when f e r t i l i s e d with nitrogen, show an increased 
ab i l i t y to absorb not only more nitrogen but also more phosphorus, 
potassium and calcium. Nitrogen f e r t i l i s a t i o n increases the 
cation exchange capacity of plant roots and thus makes them more 
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e f f ic ien t in absorbing other nu t r ien t ions (Tamhane et al •, 
1970), Plants supplied with excessive nitrogen are usually dark 
green in colour, abound in fol iage but usually have feebly 
developed root system and low root/shoot r a t i o . Excessive 
applicat ion of nitrogen also reduces flowering and seed formation 
in several crops and delays maturity (Cur t i s and Clark, 19 50; 
Black, 1973), 
2 .2 .2 Phosphorus 
The presence of phosphate in the ash of p lants was c lear ly 
demonstrated by de Saussure (1804), Later , the e s s e n t i a l i t y of 
phosphorus for plants growing in the f ie ld was established by 
many workers, including Boussingault, Liebig, Lawes and Gilbert 
and Salm-Horstmar (Reed, 1942; Russell, 1950; Bould, 1963), 
Phosphorus i s absorbed by p lants as monovalent (H^POT) or 
divalent (HP0~~) anions from s o i l . The adequate concentration 
of phosphorus for most plants i s 0.2 per cent in dry t i s s u e 
(Salisbury and Ross, 1977), 
Phosphorus occupies a key posi t ion in metabolism. I t i s 
found in p lan ts as a const i tuent of nucleic acids, phospholipids, 
phytin, adenosine and other t r iphosphates , pyridoxal phosphate 
and thiamine pyrophosphate, phosphoryl ated sugars and t h e i r 
intermediary metabolic products fourd in the glycolyt ic and 
a l t e rna t ive oxidative pathways, nucleoproteins, nucleic acids, 
purine and pyridine nucleotides and f lavin nucleotides (Nason and 
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McElroy, 1963). As a const i tuent of nucleoproteins, i t i s 
concerned with ce l l d ivis ion and t r ans fe r of heredi tary characters 
through chromosomes. As const i tuent of phospholipids, e .g . 
l e c i t h i n , phosphorus is believed to be present in ce l l membranes 
J, (Devlin, 1981), Hydrogen ion (H ) c a r r i e r s , nicotinamide 
adenine dinucleotide and nicotinamide adenine dinucleot ide 
phosphate play a pivotal ro le in Krebs cycle, g lycolysis and 
pentose cycle. Pyridoxal phosphate i s required for transamination 
system (Green et_ al^., 1945; Lichstein et ^ l . . , 1945) and thiamine 
pyrophosphate i s one among five essent ia l cofactors required for 
the formation of acetyl coenzyme A (Korkes et al.« 1951, 1952; 
Gunsalus, 1954). Phosphate pa r t i c ipa tes d i r ec t ly in t h e photo-
chemical events of photosynthesis thiough or t ho phosphate and 
nicotinamide adenine dinucleot ide phosphate, required for the 
production of assimilatery power (Arnon, 1959), 
Phosphorus promotes the formation of l a t e r a l and fibrous 
roots which increase the absorbing surface for nu t r i en t s as 
phosphorus-starved plants have a stunted and poorly developed 
root system which decreases t h e i r feeding zone. Phosphorus 
increases the number of t i l l e r s in cereals and thus t h e number 
of shoots i s increased which f ina l ly bear ears and g ra in . 
Phosphorus f e r t i l i s a t i o n hastens the ripening of p lan t s . Phosphorus 
also increases disease res i s tance in p lan ts , presumably through 
normal ce l l development and resul t ing in vigorous growth 
(Tamhane et ^ . , 1970). 
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2 .2 .3 Potassium 
Potassium i s a v i t a l l y important mineral element which 
most of the higher plants require in large quantity ( l per cent 
on a dry weight bas is ) for proper growth and d|^§/elopment 
(Salisbury and Ross, 1977). Unlike nitrogen and phosphorus, 
potassium does not form a s tab le s t ruc tu ra l part of any molecule 
ins ide the plant c e l l s . Potassium act iva tes the enzymes tha t 
synthesise cer ta in peptide bonds (Webster, 1953) and enhances 
the incorporation of amino acids into protein (Webster, 1956). 
Other enzymes tha t require potassium (K ) as an ac t iva tor include 
fructokinase, pyruvic acid kinase and t ransace ty lase (Nason and 
McElroy, 1963). I t i s believed tha t potassium i s e s sen t i a l for 
some metabolic processes including g lycolys is , oxidat ive 
phosphorylation, photophosphorylation and adenine synthesis 
(Evans and Sorger, 1966). Potassium increases t h e efficiency 
of the leaf in manufacturing sugars and s ta rch . The re la t ionsh ip 
of potassium to starch formation has been reported among others 
by Greenberg and Pre iss (1965), Akatsuka and Nelson (1966), 
Evans and Sorger (1966), P re i s s and Greenberg (1967) and Nitsos 
and Evans (1968, 1969). I t has been reported tha t a deficiency 
of potassium decreases t r ans loca t ion of label led photosynthate 
from leaves to other portions of sugarcane plants (Har t t , 1969). 
Potassium i s supposed to be involved in t r ans loca t ion of so lu tes , 
which are moved across t he sieve p la te act ively by electro-osmosis 
(Salisbury and Ross, 1977). A ro le of potassium has also been 
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suggested in the opening of stomata (Fischer and Hsiao, 1968; 
Humble and Hsiao, 1969). 
Franck (1931) recorded the observation for oats grown 
in Norway on soi ls d i f fer ing in supply of potassium. Maturity 
evidently was delayed where potassium was de f i c i en t . Potassium 
deficiency in tomato plants causes d i s in t eg ra t ion 6f pith c e l l s 
and r e s u l t s in an increase in the d i f f e r en t i a t i on of secondary 
phloem parenchyma into sieve tubes and companion ce l l s (Lyon and 
Garcia, 1944). Apical dominance in several plants appears to 
be lacking or weak under potassium def ic ient conditions (Hewitt, 
1963). Generally, a plant def ic ient in potassium i s stunted 
with a pronounced shortening of the internedes (Devlin, 1981), 
2 .2 ,4 Sulphur 
The importance of sulphur, for plant growth was known from 
the time of Liebig. The e s sen t i a l i t y of sulphur for p lan ts , 
however, was shown by Sachs (1860) and Knop ( l 8 6 i ) , Gilbert 
(1951) pointed out t h a t the amount of the element var ies 
considerably in d i f fe ren t genera and families of p lan t s , usually 
ranging between 0 ,1 and 1.0 per cent on a dry weight b a s i s . In 
case of mustard, the c r i t i c a l value of t i s s u e sulphur for normalcy 
was noted by Agarwala et_ _al. (1983) to be 0.55 per cent on a dry 
weight b a s i s . 
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Sulphur i s taken up by the plants as t he sulphate ion 
(S0"~) or enters by way of the leaves as sulphur dioxide when 
i t i s present in the atmosphere (Thomas £t_ a l , , 1944). Sulphur 
i s a const i tuent of proteins in the form of the sulphur-bearing 
amino acids cys t ine , cysteine and methionine. I t i s a 
const i tuent of many metabolic ally active compounds, such as 
thiamine, thiamine pyrophosphate, b i o t i n , coenzyme A, l i po ic 
acid, adenosine~5-phosphosulphate (APS), 3-phosphoadenosine-5-
phosphosulphate (PAPS) and other compounds (Salisbury and Ross, 
1977), I t has also been reported by many workers t h a t sulphur 
i s d i rec t ly involved in electron t ranspor t chain through 
charac ter i sa t ion of glutathione reductase (Conn and Vennesland, 
1951; Mapson and Goddard, 1951). Many of the enzymatic react ions 
take place due to the presence of sulphydryl group (-SH) of 
enzymes. I t occurs in cer ta in plants in volatil^">€oims, e .g . in 
mustard o i l (as glucosides) such as s in ig r in and s ina lb in known 
as glucosinolate compounds (Trease and Evans, 1972), a l l y l and 
vinyl sulphides and the mercaptans. Sulphur also helps in 
s t a b i l i s i n g protein s t ruc tu re through di-sulphide bonds 
supplementing peptide and hydrogen bonding. Sulphur i s also known 
to st imulate root growth, seed formation and nodule formation. 
I t also helps in chlorophyll formation (Tamhane et a l . . 1970), 
Sulphur deficiency r e su l t s in general chlorosis followed by 
anthocyanin pigmentation. Amino acids and other nitrogen 
containing compounds accumulate in the t i s s u e s and pro teoly t ic 
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ac t iv i ty also increases . Plants look stunted and flowering i s 
delayed (Malik and Srivastava, 1982). 
The brassicaceous plants have a high concentration of 
the element and are considered to be sulphur c a r r i e r s . They 
require , therefore , large quant i t i es of sulphur, in addition 
t o ni trogen, phosphorus and potassium. 
2 .3 Mustard group 
The di f ferent types of Indian oleiferous Brassicae grown 
in India are generally divided into three groups: 
( i ) Rai (Raya or Laha) 
( i i ) Sarson 
( a) Yellow Sarson 
(b) Brown Sarson 
Brassica juncea (L.) Czern, 
and Coss, 
Brassica campestris (L.) 
var , Sarson Prain 
Brassica campestris (L.) 
var , dichotoma Watt. 
( i i i ) Toria (Lahi or Maghi Lahi)- Brassica campestris (L.) 
var , t o r i a Duth. 
Besides the three s taple oleiferous Bras sic ae-Brassica 
juncea. Brassica campestris var, Sarson and Brassica campestris 
var. t o r i a , 'Taramira' (Eruca sa t iva Lam.) also belongs to t he 
family Cruciferae, At f i r s t i t was put under the genus Brassica 
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and was named as Brassica eiuca (L.). Later i t was referred by 
Roxburgh (1832) as Brassica erucoides. I t has, however, now 
been put under the genus Eiuca. 
In t rade , the teim rape and mustard i s used to cover 
r a i , sarson, t o r i a and taramira . While the term mustard refers 
par t icu la r ly to ' r a i ' , rape i s used both for ' sa rson ' and 
' t o r i a ' . 
Besides the above mentioned rapes and mustards, two other 
species, v iz . Brassica nigra Koch, and Brassica juncea var , 
xugosa are cul t ivated to a l imited extent and are generally 
known as 'Banarasi r a i ' and 'Pahadi r a i ' respec t ive ly . Brassica 
tou rne fo r t i i Gouan ( Jangl i ra i ) i s reported to have been in 
cu l t iva t ion in the past in the Punjab and in the semi-desert 
areas between Ajmer and Delhi, but i t s cu l t i va t ion in India 
has been given up for some time now. 
Canada, China, India, Poland and V/est Erurope are the 
major producers of rapeseed and mustard. In Asia, rape i s chiefly 
grown in China, India", Pakistan and U.S.S.R. However, the foims 
of oleiferous Brassicae girown in Europe and U.S.S.R. are 
d i f ferent from those grown in India, In India , the chief rape 
and mustard grovdng s t a t e s are Assam, Bihar, Madhya Pradesh, 
Orissa, Punjab, Raj asthan, Ut ta r Pradesh and West Bengal. 
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2.4 Uses 
Young p lan t s , pa r t i cu la r ly leaves , are used as green 
vegetables. The plants are also used as green fodder for 
c a t t l e . The seeds y ie ld o i l which i s largely used as a cooking 
medium and as a preservat ive for pickles and s imi lar preparat ions. 
In addit ion, the seeds are used as a condiment in the 
preparation of p ickles . The in fe r io r grade o i l i s used for 
l igh t ing purposes in developing count r ies . The o i l combined with 
camphor forms an efficacious embrocation in muscular rheumatism, 
s t i f f neck e t c . I t i s also used in dengue fever and i s rubbed 
on the chest in b ronch i t i s . Hydrogenated refined rape o i l i s 
also used for the preparation of b u t t e r s u b s t i t u t e s . 
Mustard o i l i s used in manufacturing blown o i l which i s 
oxidised and viscous. The rape o i l i s used as a lub r i can t . 
For t h i s purpose refined o i l as well as blown o i l are used. 
The rape blown o i l i s mixed with mineral o i l s t o produce 
specif ic l u b r i c an t s . Rape o i l i s also used in t h e manufacture 
of grease, soap, and in tannery industry to make the l ea the r 
sof t . Animal skins contain in t h e i r c e l l s a ce r ta in amount of 
fat which i s removed during tanning, thus making the l ea the r a 
b i t hard. In order to make the l e a the r soft or p l iab le mustard 
o i l i s incorporated in the hides , 
Erucic acid, present to the extent of 20-45 per cent in 
the rape o i l , can serve as a subs t i t u t e for olein in f loat ing 
agents. Besides, ozonising s p l i t t i n g of erucic acid y ie lds 
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brassy l ic acid and pelargonic acid. These two acids , af ter 
hydrogenation under pressure, give a product su i t ab le for 
synthet ic waxes and lubr ican ts (Appelqvist and Ohlson, 1972). 
Rapeseed and mustard meal or cake contain about 25-35 
per cent protein (Attschul , 1958; Bowland et. ^ . , 1965, Appelqvist 
and Ohlson, 1972), The oilcake i s mostly used as a c a t t l e feed 
in India . 
2 .5 F e r t i l i s e r requirements 
Genetic cons t i tu t ion of a plant i s mainly responsible for 
i t s growth, development and y ie ld . However, environmental 
factors play a very important role in the r e a l i s a t i o n of the 
genetic potent ia l of a p lant . Out of these environmental 
fac tors , plant nu t r ien t input i s of considerable importance. 
I t i s well established t h a t any disbalance in nu t r i t i on might 
be harmful for growth and ul t imately for y i e ld , 
2.6 Effect of basal applied NPK and S alone or in combinations 
on yield and qual i ty of mustard 
The effect of macro nu t r i en t s (pa r t i cu l a r ly NPK) on 
plant growth and development has been studied by innumerable 
workers. Ever since agr icul ture became an industry organised 
on s c i en t i f i c l i n e s , constant e f for t s have been made t o determine 
balanced f e r t i l i s e r combinations su i t ab l e for optimum performance 
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of various crops, including mustard, which requires sulphur 
also in comparatively la rge q u a n t i t i e s . In the following pages, 
an attempt has been made t o review the available l i t e r a t u r e on 
the f e r t i l i s e r requirements of rape and mustard under various 
agro-climatic conditions obtaining in India, 
In a preliminary study, the effect of ni t rogen, phosphorus 
and potassium on growth,yield and o i l content of mustard 
(Brassica juncea var . P-85) in sand cul ture was noted at 
Calcutta (West Bengal) by Bose (1957). He noted tha t ni trogen, 
phosphorus and potassium def ic iencies had detrimental effect on 
growth and yie ld which were worsened with increasing degree of 
deficiency. He further 'noted tha t o i l content was great ly 
reduced by phosphorus deficiency. The adverse effect of potash 
deficiency was, however, confined only to a reduction of l a t e r a l 
growth. These observations showed tha t adverse effect due t o 
def ic iencies of nitrogen and phosphorus was more severe than 
tha t of potassium. 
Maini and Negi (1957), working at Gurgaon (Punjab), 
applied ammonium sulphate and superphcT^sphate to raya (Brassica 
.iuncea) at t he ra te of 50 lb N/acre (56 kg N/ha) and 25 lb ^2^^^ 
acre (28 kg P^Oc/ha) respec t ive ly . They found tha t the 
applicat ion of ammonium sulphate by broadcasting resulted in 
a s igni f icant average increase of 315 lb /ac re (352,8 kg/ha) in 
yie ld over unfe r t i l i s ed con t ro l . However, when i t was given by 
d r i l l i n g the average increase was 460 lb /acre (515,2 kg/ha) . 
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Regarding the applicat ion of superphosphate i t was noted tha t 
the broadcasting of superphosphate before sowing was not useful , 
but in t h i s case also d r i l l i n g the f e r t i l i s e r 4-5 inches deep 
before sowing resul ted in a s igni f icant increase in y ie ld over 
un fe r t i l i s ed control by an average margin of 166 lb /acre 
(185.92 kg/ha). 
Maini et jal, (1959) conducted some manurial t r i a l s in 
different seasons at several places in Punjab on Brassica crops 
l i ke Raya L-18 (Brassica juncea) and Brown Sarson 'A' (Brassica 
campestris) and Tori a 'A' (Brassica campestris) with graded 
doses of ni trogen, i . e . 0, 30, 60 and 90 lb N/acre (0 , 33.6, 
67.2 and 100.8 kg N/ha) given as ammonium sulphate. Of these 
100,8 kg N/ha proved optimum for raya and brown sarson, giving 
on an average basis 25 per cent increase in yie ld over the no 
nitrogen cont ro l . On the other hand, the yield of t o r i a was 
optimum at 67.2 kg N/ha which was at par with t h a t given by 
100,8 kg N/ha, 
Singh and Singh (1959) observed the reponse of r a i 
v a r i e t i e s RT-H and Laha-101 and yellow sarson v a r i e t i e s T-30 
and T-i51 to varying doses of ni trogen at Kanpur (Uttar Pradesh) 
These v a r i e t i e s exhibited a strong l i n e a r response to nitrogen 
applicat ion upto 90 lb /ac re (100,8 kg/ha) but the economic dose 
was found to be 30 lb N/acre (33.6 kg N/ha), They, however, 
observed t h a t the applicat ion of phosphoms was ineffec t ive 
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e i the r alone or in combination with nitrogen except for a 
suff ic ient increase in r a i with 25 lb P20-/acre (28 kg P20_/ha). 
Sandhu and Singh ( i960) , working with raya (Bras sic a 
juncea) at Kanpur (Uttar Pradesh), reported t h a t nitrogenous 
manuring at the ra te of 30 lb N/acre (33,6 kg N/ha) and 
60 lb N/acre (67,2 kg N/ba) produced a highly significant 
increase of about 58 per cent in seed yield over cont ro l , 
Dalai _et_ _al_, (1961) conducted f ie ld t r i a l s at Gurgaon 
(Punjab) on raya (Brassica juncea) , sarson (Brassica campestris 
var . Brown Sarson) and t o r i a (Brassica campestris var, t o r i a ) 
under different leve ls of nitrogen, v i z , 0, 30, 60 and 90 lb N/ 
acre (0 , 33,6, 67,2 and 100,8 kg N/ha), Ammonium sulphate was 
used as nitrogen source. They noted tha t brown sarson and raya 
crops gave highest y ie ld and net prof i t with t h e use of 100,8 
kg N/ha, while, in the case of t o r i a , 67,2 kg N/ha gave the 
best r e s u l t s . They fur ther noted tha t appl icat ion of 25 lb and 
60 lb P20^/acre (28 and 67,2 kg P^^^/^^'^ ^^ superphosphate alone 
as well as in combination with 30, 60 and 90 lb /ac re (33,6, 
67.2 and 100,8 kg N/ha) did not have marked effect on the 
performance of any of the Brassica crops, 
Pathak et. ^ . (196i ) , at Kanpur (Ut tar Pradesh), studied 
the effect of d i f ferent levels of ni trogen (N) and phosphorus 
^^2^5^ alone or in combination on Brassica campestris var , 
yellow sarson and Brassica .juncea ( r a i ) for three years . Both 
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nut r ien t s were applied at the ra te of 0, 25 and 50 lb /ac re 
(0, 28, and 56 kg/ha) . The sources of nitrogen and phosphorus 
were ammonium sulphate and superphosphate respec t ive ly . In 
case of yellow sarson, the maximum mean yield ( f o r 3 years) of 
915 lb / ac re (1,024.8 kg/ha) was given by the highest f e r t i l i s e r 
combination (56 kg N + 56 kg P„0 / h a ) , while, the unfe r t i l i s ed 
control gave the mean y ie ld of 652 lb / ac re (730,24 kg/ha) . 
However, the combination, 28 kg N + 28 kg P^Oc/ha proved most 
economical for yellow sarson. Vi/ith regard ' to y ie ld , t h i s crop 
showed no response to phosphorus when applied alone. On the 
other hand, when phosphorus was applied in combination with 
nitrogen, the lower dose of 28 kg P„0 /ha proved b e t t e r than 
the highest dose. For r a i , on the basis of average of two years , 
they found tha t the highest dose of ni trogen alone (or in 
combination with 28 kg P^ O^ /ha) gave maximum yield of about 
1,300 lb /ac re (1,456 kg/ha) and was most economical. 
Maini £t_ a l . (1963), at Pa t i a l a (Punjab), studied the 
response of t o r i a (Brassica camp est r i s var, Toria Abohar) to 
three doses of ni trogen, v i z . 0, 30 and 60 lb N/acre (0, 33,6 
and 67,2 kg N/ha), In t h i s study, a gradual increase was 
obtained with increasing leve ls of nitrogen in dry matter 
production as well as in seed y i e l d . 
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Majumdar and Sandhu (1963), at I.A.R. I . (New Delhi) , 
studied t he effect of nitrogen and phosphorus each at the 
r a t e of 0, 28 and 56 kg N and P20c/ha (applied as ammonium 
sulphate and superphosphate respect ively) on growth, yield and 
quali ty cha rac t e r i s t i c s of Brassica campestris var. Brown Sarson. 
They noted tha t nitrogen applicat ion enhanced primary branches, 
height , pods, t o t a l dry matter and protein but depressed t e s t 
weight and o i l content of seeds s ign i f i can t ly . However, i t s 
applicat ion showed a remarkable increase in t o t a l o i l and seed 
y i e l d . The effect of 28 and 56 kg N/ha was at par for most of 
the characters , including t e s t weight, o i l percentage, protein 
content, seed yield and o i l y i e l d . In case of phosphorus 
appl icat ion, only branch number and t e s t weight were found to 
be affected s ign i f i can t ly . A l i n e a r increase was noted for 
the number of branches by increasing leve ls of phosphorus,while 
t e s t weight was maximum with 28 kg P^O^/ha. 
Sharma (1968), at Meerut (Ut tar Pradesh), reported the 
r e su l t s of t r i a l s conducted on Laha-101 (Brassica .juncea) for 
t h r e e yea r s . Nitrogen at 0, 22,5 and 45 kg N/ha and phosphorus 
and potassium each at 0, 11.5 and 22.5 kg Po^s s^ d^ K20/ha were 
applied alone in the form of ammonium sulphate, s ingle super-
phosphate and muriate of potash respec t ive ly . He noted tha t 
nitrogen at 22.5 and 45 kg/ha increased the average yield t o 
658 and 811 kg/ha respect ively compared to 540 kg/ha in the 
un fe r t i l i s ed con t ro l . In addit ion, average yie ld was increased 
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from 630 kg (given by un fe r t i l i s ed p lo ts ) t o 714 kg/ha in 
plots receiving 22,5 kg P20^/ha, He fur ther noted t h a t 
application of 22.5 K20/ha gave an average y ie ld of 539 kg/ha 
compared t o 483 kg/ha recorded in t h e un fe r t i l i s ed con t ro l . 
Sinha (1969), at Lucknow (Ut tar Pradesh), observed t h a t 
application of nitrogen to yellow sarson (Brassica campestris) 
at 30 and 60 lb /ac re (33,6 and 67,2 kg N/ha) resul ted in an 
increased yield of about 80 and 121 per cent respectively over 
cont ro l . Arora and Bhatia (1970), at Hissar (Haryana), studied 
the effect of th ree l eve l s of nitrogen (0 , 15 and 30 kg N/ha) 
on yield and quali ty cha rac t e r i s t i c s of RL-18 and RS-3 va r i e t i e s 
of mustard (Brassica iuncea). They reported t h a t nitrogen 
application increased seed yield but decreased o i l content and 
i t s iodine value. There were marked v a r i e t a l differences with 
regard to y i e ld . RL-i8 yielded 1,973 kg/ha and RS-3 1,953 kg/ha 
with 30 kg of ni t rogen, 
Wankhede et_ a l . (1970), at Si rsa (Haryana), conducted a 
f ie ld experiment on the 'Abohar' var ie ty of Indian rape(Brassica 
campestris var. t o r i a ) in which f e r t i l i s e r s were applied at the 
ra te of 40 kg N + 20 kg P20^ and 80 kg N + 40 kg P^O^ /ha . Half 
of the nitrogen was applied at sowing and "half (as top-dressing) 
at the thinning time, whereas the t o t a l amount of phosphorus 
was applied at sowing t ime. They noted tha t appl icat ion of 
40 kg N + 20 kg P20c/ha to be superior . I t increased pod 
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number per plant and seed yield per hectare s ign i f ican t ly 
compared to the un fe r t i l i s ed control , whereas, at t he higher 
f e r t i l i s e r l e v e l , the t rend was reversed and o i l content of the 
seed was also reduced. 
Singh et _al,. (1971) conducted f ie ld t r i a l s at Hissar 
(Haryana) with brown sarson (Brassica cam pest r i s var , dichotoma), 
They noticed tha t appl icat ion of 50 kg N with 25 kg POOR or 
100 kg N with 25 kg P^O^/ha gave y ie lds of 1,250 and 1,220 kg/ha 
respect ively , compared with 890 kg/ha in un fe r t i l i s ed p l o t s . 
However, o i l content was decreased by the applicat ion of 
f e r t i l i s e r s . 
Singh and Tomar (1971) conducted f ie ld t r i a l s at Kota 
(Rajasthan) with three leve ls of nitrogen, v i z , 0, 70 and 140 kg N/ha 
with and without three combinations of phosphate and potash (0 :0 , 
0:50 and 50:50 kg ^2^5' ^^/^^)' Nitrogenous f e r t i l i s e r s were 
applied in two d o s e s , i . e . half at sowing and the res t at 40 days 
of crop growth as top-dress ing . They noted tha t application 
of 70 and 140 kg N/ha, in addition t o the basal applicat ion of 
phospho2xis and potassium, gave y ie lds of 845 and 963 kg/ha 
respect ively compared with 562 kg/ha on plots given only 
phosphorus plus potassium. Application of phosphorus and 
potassium alone had l i t t l e effect on y i e l d . Accordingly, 
nitrogen applicat ion of 140 kg N/ha, was considered economical 
and superior over 70 kg N/ha, but for balanced f e r t i l i ' ^ t i o n , 
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addition of 50 kg/ha each of phosphorus and potash was also 
recommended. 
Virmani and Gulat i ( i97 i ) conducted a pot experiment in 
sandy loam soi l at Hissar (Haryana) t o evaluate the effect of 
sulphur and phosphorus on Indian mustard (Brassica ,-juncea). 
Sulphur at 0, 25 and 50 ppm as gypsum was combined with 0, 25 
and 50 ppm P^ Op. as monocalcium phosphate. They found t h a t 
sulphur and phosphorus applicat ions s ign i f ican t ly improved the 
yie ld and t o t a l phosphorus uptake by Indian mustard when compared 
with control . On an average, sulphur doubled the y ie ld , whereas 
an increase of 2 t o 3 times was evident with the application of 
phosphorus. They fur ther noticed tha t sulphur had a s igni f icant 
d i rec t effect on the uptake and u t i l i s a t i o n of so i l and f e r t i l i s e r 
phosphorus, but had l i t t l e residual ef fec t . Phosphorus application 
could temporarily offset sulphur deficiency, 
G u p t a , ^ _al.. (1972), at Kanpur (Ut tar Pradesh), made a 
NPK t r i a l on t o r i a (Brassica campestris var . t o r i a T-9) consist ing 
of nine treatments of d i f ferent combinations of nitrogen (O, 40 
and 80 kg N/ha) and phosphoius (0, 30 and 60 kg ^2%/^^^' ^ t en th 
treatment was also supplied with 40 kg KJD/ha (as ^80^60^40^* 
They observed tha t the applicat ion of 80 kg N/ha gave i l l and 
50 per cent higher y ie ld as compared to the control and 40 kg N/ha 
respect ively . However, 40 kg N/ha did not d i f f e r s ign i f ican t ly 
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from the con t ro l . In addit ion, 30 kg Po^s """^  ^^ ^^ P20c-/ha 
also did not d i f fe r s ign i f ican t ly from the cont ro l . According 
to them, 80 kg N + 60 kg P20^/ha proved optimum for seed and oi l 
y ie ld of t o r i a . A s igni f icant decrease of 222 kg/ha was noted 
with the application of K2O (treatment 10) as compared t o NoQP/rf-x. 
Further, application of 80 kg N/ha with and without phosphorus 
appeared to depress the o i l content while phosphorus alone at 
both the leve ls showed a s l ight increase in o i l content . A 
s l igh t increase in o i l content was also observed with t he 
appl icat ion of K2O (treatment 10). 
Kinra et_ _al.. (1972), working on Indian mustard (Brassica 
juncea var. Appressed Mutant) at Kanpur (Ut tar Pradesh), applied 
four levels of ni trogen, v iz , 0, 50, 100 and 150 kg N/ha. Half 
of the dose of the nitrogen leve ls was applied at sowing time 
and the remaining half (as top-dressing )> 40 days a f te r sowing. 
They observed tha t appl icat ion of 50, 100 and 150 kg N/ha 
increased the yield by 56, 83 and 71 per cent over the control 
respec t ive ly . 
Mehrotra et ^ . (1972), working with Indian mustard 
(Brassica ^-juncea) at Kanpur (Uttar Pradesh), found best seed 
y ie ld and o i l and protein content by the applicat ion of combined 
nitrogenous and phosphatic f e r t i l i s e r s applied at the r a t e of 
66 kg N + 22 kg P20c/ha. An inverse re la t ionsh ip between o i l and 
protein content was observed by them also . 
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Shekhawat et al« (1972), in a 3 x 3 x 3 fac to r ia l confounded 
design experiment conducted at Jodhpur (Rajasthan), studied the 
effect of the combinations of th ree leve ls at 0, 30 and 60 kg/ha 
each of nitrogen (N), phosphorus (Po^s^ "^^ ^ potash (K2O) on yield 
of mustard (Brassica campestris var , Sarson P r a i n ) . Half nitrogen 
and ful l phosphorus and potash were applied as basal dressing 
and the remaining nitrogen was top-dressed at flowering. They 
added tha t application of nitrogen at both the l eve l s s igni f icant ly 
increased grain y ie ld over control but no s ign i f ican t difference 
between 30 kg and 60 kg N/ha was obtained, while, ne i the r of the 
doses of phosphorus had any s ignif icant effect on grain y i e ld . 
Similar ly , application of potash had no s igni f icant effect on 
grain y i e ld , 
Singh and Yadav (1972), working on Indian rape (Brassica 
campestris var , t o r i a ) at Hissar (Haryana), observed the 
super ior i ty of 50 kg N + 20 kg P20^/ha over 80 kg N + 20 kg ^2^5^"^^ 
for seed y i e l d . At the same place, Singh _et _al.. (1972) studied 
the effect of nitrogen on four va r i e t i e s of Indian mustard 
(Brassica .juncea). namely RG-1, RG-3, RL-.9 and RL-.i8 during two 
seasons. Nitrogen was applied at the ra te of 0, 74 and 101 kg N/ha. 
They noted tha t 101 kg N/ha increased the average seed yield by 
51,6 and 10,5 per cent over 0 and 74 kg N/ha respec t ive ly . However, 
the averages for the two seasons did not reveal s ign i f i can t 
va r i e t a l di f ferences . 
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Dasgupta and Das (1973) conducted an experiment on rape 
(Brassica campestris var, yellow sarson T-42) at Varanasi 
(Ut tar Pradesh). The treatments included 3 l eve l s of nitrogen, 
0, 50 and 100 kg N/ha; 3 leve ls of phosphorus, 0, 37.5 and 
75 kg ^^2^5^^^' ^ l eve l s of potassium, 0, 37,5 and 75 kg ICO/ha 
which were given in a l l possible combinations. The f e r t i l i s e r s 
were applied as a s ingle dose at sowing; 1/2 at sowing and 1/2 
af te r one monthj and i / 3 at sowing, 1/3 af te r one month and 
1/3 af ter two months as top-dress ing. They reported t h a t the 
yield was l inea r ly increased with increasing l eve l s of nitrogen, 
while phosphorus applicat ion did not exhibit such increase . 
Potassium application exhibited the same trend as noted for 
phosphorus appl icat ion. Furthermore, o i l content was found 
to be decreased with increasing doses o'f n i t rogen. However, 
o i l content was not affected by phosphorus appl icat ion, while 
the oi l content tended to increase s l igh t ly with maximum 
dose of potassium. The application of nu t r i en t s in s p l i t 
dose, showed no beneficial ef fects over single appl ica t ion . 
Pasricha and Randhawa (1973), conducting a pot experiment 
at Ludhiana (Punjab), applied 5 l eve l s of sulphur, v iz . 0, 12.5, 
25 .0 , 37.5 and 50,00 ppm through gypsum to mustard (Brassica 
juncea var. RL-18). They reported, tha t compared to the cont ro l , 
sulphur application increased dry matter y ie ld and o i l content 
of mustard. 
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Dayanand and Mahapatra (1974) conducted a f i e ld experiment 
at I.A.R. I , (New Delhi) with raya (Brassica .iuncea var , Appressed 
Mutant) and applied nitrogen at the r a t e of 30, 60 and 90 kg N/ha. 
They reported tha t grain y ie ld did not vary s igni f icant ly by the 
applicat ion of various l eve l s of ni t rogen, although, t he re was 
a trend of increase in yie ld upto 60 kg N/ha (by approximately 
260 kg/ha over 30 kg N/ha) . 
Singh et a l . (1974) conducted f ie ld experiments at Kota 
(Rajasthan) with three oilseed crops, namely l inseed , sunflower 
and mustard. They applied 9 combinations of nitrogen,phosphorus 
and potassium (each at t h e r a t e of 0 ( c o n t r o l ) , 30 and 60 kg N, 
^2'^^ °^ KpO/ha). A combined dose of 60 kg N 4- 60 kg ^2^5 "*" 
60 kg KpO/ha proved optimum for y ie ld of mustard. 
Bhan ^ i i i . . ( l 9 7 5 ) conducted a f i e ld experiment at Kanpur 
(Uttar Pradesh) with three v a r i e t i e s of mustard (Brassica juncea) . 
namely Appressed Mutant, APP-3 and T-16 and three f e r t i l i t y l e v e l s , 
v iz . NQPQKQ, N^QP^QK^Q and ^^ 2^0^ 60^ *^ 60* '^^^^ reported tha t the 
highest f e r t i l i t y level (120 kg N + 60 kg P2O5+ 60 kg K20/ha) 
resulted in the maximum yie ld (2,350 kg/ha) of mustard giving 
s igni f icant differences of 318 and 526 kg/ha over the medium 
f e r t i l i t y l eve l , v iz . 60 kg N + 30 kg P2O5 + 30 kg K20/ha and 
un fe r t i l i s ed control respec t ive ly . With regard to v a r i e t i e s , T-16 
yielded s igni f ican t ly higher over Appressed Mutant and APP-3. 
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Chundawat &t a l . (1975) , at J a i p u r ( Raj a s t h a n ) , s tud ied t h e 
e f f e c t of 3 l e v e l s each of n i t r o g e n , phosphorus and potash at 
t h e r a t e of O, 30 and 60 kg N (ammonium s u l p h a t e ) , ^2^5 ( s i n g l e 
superphosphate) and ICO (mur i a t e of po t a sh ) /ha on y i e l d of mustard 
( B r a s s i c a .juncea v a r . RL- i8 ) . Half of n i t rogen and f u l l amount of 
phosphorus and potash were d r i l l e d at sowing. The remaining ha l f 
of n i t rogen was t op -d re s sed at f i r s t i r r i g a t i o n . They fourd 
t h a t a p p l i c a t i o n of 60 kg each of N and P^O^/ha was economical . 
F u r t h e r , response of potash was r e s t r i c t e d t o 30 kg K^O/ha, 
Sahu and Behura (1975) conducted experiment at Bhubaneswar 
( O r i s s a ) on mustard ( B r a s s i c a juncea v a r . Appressed Mutan t ) . 
Three l e v e l s of n i t rogen (calcium ammonium n i t r a t e ) , phosphorus 
( superphosphate) and pot ass ium( mur i a t e of potash) a t t h e r a t e of 
0 , 50 and 75 kg N, 0 , 25 and 50 kg P20^and 0, 25 and 50 kg K^O/ha 
r e s p e c t i v e l y were app l i ed . Ni t rogen was applied i n two equal s p l i t 
d o s e s , ha l f at sowing and ha l f before f lower ing . The maximum seed 
y i e l d of 1,957 kg/ha was given by a combined dose of 50 kg N + 
25 kg ^2^<^ ^^ ^5 K^O/ha, as aga ins t an y i e ld of 825 kg/ha under 
no f e r t i l i s e r ( c o n t r o l ) . P e r t a i n i n g to o i l c o n t e n t , i t was noted 
t h a t t h e h ighes t pe rcen tage , i . e . 34.95 pe r cen t , was recorded i n 
50 kg P^O / h a . A net p r o f i t of Rs 2 ,044 .25 /ha was recorded wi th t h e 
balanced f e r t i l i s e r dose of 50 kg N + 25 kg POOR-** 25 kg K^O/ha. 
Bhan and Singh ( i976a) s tud ied t h e e f fec t of t h r e e l e v e l s 
of n i t rogen at 0, 40 and 80 kg N/ha, t h r e e l e v e l s of phosphorus at 
~ 32 -
0, 30 and 60 kg P20^/ha and two leve l s of potassium at 0 and 
40 kg KgO/ha at Kanpur (Uttar Pradesh), These nu t r i en t s were 
applied separately and in a l l possible combination. Yield and 
yield a t t r i b u t e s of brown sarson (Brassica campestris) were 
observed under these t rea tments . They reported tha t f e r t i l i s e r 
applicat ion markedly improved pods per plant , seeds per pod, 
grain y ie ld and o i l content in seeds. The increase (Uue to-N 
nitrogen applicat ion was s ign i f ican t ly high at 40 kg N/ha. 
Nitrogen at 80 kg N/ha fur ther improved the y i e ld , but i t s l igh t ly 
reduced the o i l content in seed. Nitrogen at 40 kg N/ha enhanced 
the o i l content by 1.8 percent over the cont ro l . Phosphorus also 
improved y ie ld and other charac te rs , but when combined with 
nitrogen i t did not resul t in any addit ional yield over t h a t of 
nitrogen alone. Potash, given with 80 kg N + 60 kg PpO^/ha, failed 
to give any effect . They concluded t h a t brown sarson may profi tably 
be f e r t i l i s e d with a dose of 40 kg N/ha under dry land farming in 
Ut tar Pradesh. 
Bhan and Singh (i976b) conducted another f ie ld experiment 
on mustard (Brassica juncea var. T-i6) at the same place. They 
applied five leve ls of basal nitrogen (0 , 40, 80, 120 and 160 
kg N/ha), th ree leve ls of phosphorus (O, 25 and 50 kg Pp0c-/ha) 
and two l eve l s of potassium (0 and 25 kg K^O/ha) separately and 
in a l l possible combinations in a randomised block design, A 
gradual increase in yie ld was noted by the applicat ion of nitrogen 
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upto 120 kg N/ha, but fur ther increase caused a depression in 
y i e ld . The difference between 40 and 80 kg N/ha was s ignif icant 
but not between 80 and 120 kg N/ha. The effect of phosphorus was 
also found beneficial but 25 and 50 kg P^O /ha proved at par. 
Application of 25 kg K^O/ha gave s igni f ican t ly higher yield over 
cont ro l . They concluded t h a t , for optimum y i e ld s , t h i s mustard 
crop might be f e r t i l i s e d with a dose of 80 kg N + 50 kg ^2^'=) "*" 
25 kg K_0/ha in central Ut ta r Pradesh, 
Agrawal and Gupta (1977) conducted a f ield experiment at 
Hardoi (Ut tar Pradesh) on two v a r i e t i e s of t o r i a (Brassica 
campestris var. t o r i a) , namely Toria T and Labia T . with four 
l eve l s of ni trogen, v i z . 0, 25, 50 and 75 kg N/ha. In addition, 
phosphate and potash were applied uniformly at a ra te of 20 kg 
each of P^Oc and K20/ha. Half of the nitrogen and ful l dose of 
phosphate and potash were applied at sowing and the remaining 
half dose of nitrogen was applied as top-dressing af ter f i r s t 
i r r i g a t i o n . They observed tha t pods per p lant , seeds per pod 
and yield per plant and t o t a l yield were increased by increasing 
nitrogen doses. However, ca lcula t ions based on cost of nitrogen 
revealed tha t economic yield of t o r i a was obtained upto 50 kg N/ha. 
Regarding var ie ta l response, i t was noted tha t Toria T gave 
9 
higher seed yield than Labia T„^ » Labia T possessed more pods 
per plant and seeds per pod than Toria T ,^. However, 1,000 seed 
y 
weight was higher in Toria T which resulted in higher yield per 
9 
plant than in Labia T , . 
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Aulakh and Pasricha (1977) conducted a pot cul ture 
experiment at Ludhiana (Punjab) with rapeseed (Brassic.a napus 
var . ITSA). The treatments consisted of a l l combinations of 3 
l eve l s each of sulphur, magnesium and potassium at 0, 25 and 50 
ppm supplied from CaSO .2H2O, MgGl2.6H20 and KCl respec t ive ly . 
A uniform level of nitrogen, phosphorus, zinc and calcium was 
maintained. They noted t h a t sulphur f e r t i l i s a t i o n , i n d i v i d u a l l y 
and in combination with potassium, increased the seed y ie ld . 
Applied magnesium depressed the yield of gra ins . Application of 
25 ppm of potassium increased rapeseed production. The in te rac t ion 
effect of S X K was consis tent ly favourable for seed y i e l d . 
Dasgupta and Ghosh (1977), working with Indian mustard 
(Brassica .juncea v a r i e t i e s Appressed Mutant and T-59) at Varanasi 
(Qt ta r Pradesh), applied four doses of nitrogen, v iz . 0, 40, 80 
and 120 kg N/ha. They reported tha t the o i l content was not 
affected but protein percentage increased with higher doses of 
n i t rogen. 
Singh and Singh (i977a) carried out a pot experiment at 
Hissar (Har/ana) with ray a (Brassica xunc^ea var. RL-i8) in which 
sulphur was applied at 0, 30 and 60 ppm with four doses of 0, 2 , 5 , 
5 and 10 ppm of selenium and concluded tha t sulphur-containing 
amino acids, o i l percentage and a l ly l - i so - th iocyana te value 
increased with sulphur appl icat ion, whereas i t decreased with 
selenium appl icat ion. I t was noted tha t the applicat ion of 
sulphur counteracted the negative ef fec ts of selenium. 
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Singh and Singh (1977b), conducting another pot experiment 
at the same place, applied sulphur at the r a t e of 0, 15, 30, 60, 
90 and 120 ppm S to ray a (Brassica .juncea var . RL-18). The 
source of sulphur was potassium sulphate . They noted tha t 
sulphur treatments upto 90 ppm improved plant growth, 1,000 grain 
weight and grain y i e ld . The effect of 60 ppm was s imilar to t h a t 
of 90 ppm but 120 ppm of sulphur reduced y i e l d s . 
P a t i l and De (1978), at I.A.R. I . (New Delhi) , made an 
extensive study in r e l a t ion to nitrogen applicat ion (0, 30 and 
60 kg N/ha), row spacings and use of an t i t r ansp i ran t s on rapeseed 
(Brassica campes t r i s . ) . They reported t h a t seed yie ld was 
s ign i f ican t ly affected by 'ni t rogen f e r t i l i s e r . On an average 
bas i s , seed y ie ld was increased by 26 per cent and 31 per cent 
in the 30 and 60 kg N/ha treatments respect ively over the control 
(without n i t rogen) , whereas o i l content of the seed was significantly 
decreased by applying ni t rogen. But t h i s reduction was too small 
to affect the o i l yield per hec ta re . I t was calculated t h a t 
53 kg N/ha was prof i tab le for the crop. 
Singh _et _al_, (i978a) conducted a s p l i t - p l o t f ie ld 
experiment at Ludhiana (Punjab) for two yea r s . Combinations of 
nitrogen l eve l s and time of i t s appl icat ion were al loted to main 
plots and v a r i e t i e s to sub-plo ts . Signif icant higher y i e lds were 
obtained when a l l the nitrogen was applied at the time of sowing. 
The response of grain yie ld to nitrogen was upto 75 kg N/ha in 
the f i r s t year and upto 50 kg N/ha in the second year . Regarding 
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the va r i e t a l differences, they added tha t RLM-i9a was 
s igni f icant ly b e t t e r than HL-i8 and Prakash. RL-18 and 
Prakash out-yielded RLM-i98 at the zero level of nitrogen 
whereas, RLM-i96 gave higher y ie lds than Prakash and RL-i8 at 
a l l other l eve l s of ni t rogen. 
Singh jet ai» ( i978b), working with two v a r i e t i e s of 
mustard (Brassica juppQ.a v a r i e t i e s T-59 and KYSR) at Jodhpur 
(Rajasthan), noted tha t pods per plant were favourably 
influenced by ni t rogen. The applicat ion of nitrogen at 30, 60 
and 90 kg N/ha to T-59 gave s igni f icant ly more seed yield than 
the control in the f i r s t year. In the second year, 
s igni f icant ly more seed yield was obtained with 60 kg N/ha as 
compared to 30 kg N/ha. For va r i e t a l response, they noted tha t 
the o i l percentage and o i l yield were more in KYSR than in T-59 
at a l l nitrogen l e v e l s . On the basis of the r e s u l t s they 
suggested t h a t , for high yield of mustard with l imited moisture 
supply, sowing in rows 30-40 cm apart and application of 30 kg 
N/ha seemed necessary, 
Singh and Singh (1978), performing a pot experiment on 
raya (Brassica ^-juncea) at Hissar (Haryana), applied sulphur at 
the ra te of 0, 15, 30, 60, 90 and 120 ppm with 60 ppm ni trogen, 
30 ppm phosphorus and 5 ppm of z inc '+ Iron + manganese. They 
found tha t seed yield per pot and o i l content increased with the 
applicat ion of sulphur upto 90 ppm while at 120 ppm both declined 
- 37 -
Bishnoi and Singh (1979a) worked on th ree v a r i e t i e s of 
ray a (Bras s ic a juncea var . RH-29 (Prakash) RH-30 and RL-18) at 
Hlssar (Haryana). They applied 4 doses of urea nitrogen (0 , 30, 
60 and 90 kg N/ha) in two Instalments, i . e . half at sowing and 
half as top-dressing at f i r s t i r r i g a t i o n . I t was noted tha t 
increasing doses of nitrogen produced average seed y ie lds of 
1,005, 1,350, 1,650 and 1,845 kg/ha respec t ive ly . Var ie t ies 
did not show any signif icant difference with regard to seed 
y i e ld . Further, Bishnoi and Singh (1979b) noted tha t nitrogen 
applicat ion s igni f ican t ly decreased o i l content but increased 
o i l y i e ld . Iodine value, a l ly l - i so - th iocyana te and free fa t ty 
acids were also found t o be increased by nitrogen appl ica t ion . 
As far as v a r i e t i e s were concerned, i t was noted tha t o i l 
content in RH~30 was highest followed by RL-18 and RH-29. 
However, v a r i e t i e s did not show any s igni f icant difference with 
regard to the other quali ty c h a r a c t e r i s t i c s , 
Ja in and Jain (1979) conducted a f ield experiment at 
Udaipur (Rajasthan) on Brassica .juncea var, T-59 in which the 
effect of 3 leve ls of i r r i g a t i o n and 5 f e r t i l i t y levels was 
studied. The various f e r t i l i s e r doses were;control (no 
f e r t i l i s e r ) , 30 kg N/ha, 30 kg N + 10 kg P + 20 kg K/ha, 60 kg 
N/ha and 60 kg N + 10. kg P + 20 kg K/ha, They reported tha t the 
average increase in yie ld over the control was 24D kg/ha with 
30 kg N/ha. A fur ther increase of 180 kg/ha was obtained with 
60 kg N/ha. The inclusion of phosphorus and potassium in both 
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nitrogen t reatments , though giving higher y i e l d s , did not prove 
economical. Regarding i r r i g a t i o n e f fec t , no s ignif icant response 
in y ie ld was noted. 
Mudholkar and Ahlawat (1979) conducted a s p l i t - p l o t f ie ld 
experiment at Si rsa (Haryana), Three dates of seeding and th ree 
genotypes of yellow sarson (YSS-8, 4 valved mutant and YS-.24) 
were taken as main plot treatments and combinations of 3 l eve l s 
of nitrogen (0 , 40 and 80 kg/ha) and 3 plant dens i t i e s were 
considered as sub-plot t rea tments . A basal dose of 40 kg/ha 
each of PpOc and K^ O along with nitrogen as per treatment was 
applied at the time of sowing. They noted t h a t appl icat ion of 
nitrogen increased pods per plant and 1,000 grain weight . The 
higher dose of 80 kg N/ha, however, had no additional advantage 
over 40 kg N/ha in respect of a l l plant characters and seed 
y ie ld . Var ie t ies tes ted did not behave di f ferent ly with regard 
to a l l parameters, including pod number, 1,000 grain weight and 
seed y ie ld , 
Pandey et al.. (1979), at I .A.R.I , (New Delhi) , studied 
the effect of graded leve l s of ni trogen (0 , 20, 40 and 60 kg N/ha) 
and phosphorus (0, 20 and 40 kg P^O^/ha) along with a constant 
dose of 40 kg K^O/ha on mustard (Brassica juncea var. BSH-i)," 
They observed t h a t applicat ion of nitrogen s ign i f ican t ly affected 
the y i e l d . The respective leve ls of nitrogen produced, on an 
average, 500, 810, 1,020 and 1,225 kg/ha of gra in . However, 
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phosphorus applicat ion did not show s igni f icant differences 
in grain y ie ld , 
Aulakh et ^ . (1980) made t r i a l s at Ludhiana (Punjab) for 
3 years with yellow mustard (Brassica campestris) and mustard 
(Brassica juncea) to t e s t the effects of nitrogen and sulphur 
applied as f e r t i l i s e r s . Three leve ls of sulphur (0 , 30 and 
60 kg S/ha) in combination with four leve ls of nitrogen (0 , 25, 
50 and 75 kg N/ha) for yellow mustard and 0, 60, 120 and 180 kg 
N/ha for mustard were applied. During the t h i r d year, t he leve ls 
of nitrogen were changed to 0, 30, 60 and 90 kg N/ha for yellow 
mustard and 0, 50, 100 and 150 kg N/ha for mustard. Sulphur 
(applied as gypsum) and^uniform dose of 20 kg ^0^5 ^^ t r i p l e 
superphosphate were d r i l l e d . Nitrogen, as urea, was broadcast 
before sowing. Yellow mustard (var . BSH-l) was sown in each 
year while mustard (var , RLM-198) in the f i r s t two years and 
RL-514 in the l a s t year . They reported tha t in a l l 3 yea r s , 
grain yie ld of both mustard crops s ign i f i can t ly increased with 
increased nitrogen r a t e s . However, maximum yie lds were obtained 
only when high ra tes of nitrogen and sulphur were applied 
together . The adequate N/S r a t i o appeared to be 7.5:1 or l ess 
for the grain of these mustard crops. Oil content of grain 
improved markedly with sulphur (but not with nitrogen) appl icat ion. 
With regard to o i l y i e ld , i t was noted t h a t the highest combined 
dose of nitrogen and sulphur gave maximum o i l yield in both crops. 
The average increase in o i l y ie ld was 79 per cent in yellow 
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mustard and 270 per cent in mustard. Protein content of grain 
improved markedly with applied nitrogen and sulphur, 
Parvaiz (1980), working with Brassica juncea var, Laha-iOl 
3^ cl Brassica campestris var, Peel i Sarson at Aligarh (Ut ta r 
Pradesh), applied five combinations of nitrogen and phosphorus, 
v iz . NQPQ, N4QP20, N ^ P ^ , N^QP^Q and N^^P^ along with a 
constant dose of 40 kg K^O/ha as muriate of potash. Nitrogen (N) 
and phosphorus (P20t-) were given in the form of urea and calcium 
superphosphate respect ively . He noted t h a t t he treatment N^ P -^^  
was optimum for Laha-lOl, which gave 460 and 264,28 kg more seed 
and o i l y ie ld respectively^;^ over the cont ro l . While in the case 
of Peel i Sarson, the treatment N^^P^ was found to be optimum, 
giving 580,00 and 252,02 kg/ha more seed and o i l y ie ld 
respectively/") over the cont ro l , 
Pate l et jl_. (1980) conducted a s p l i t - p l o t f ie ld experiment 
at Junagarh (Gujrat) on mustard (Brassica .-juncea var, Varuna) t o 
observe the effect of three spacings (which const i tu ted the main 
plots) and of various combinations of nitrogen and phosphorus 
( sub -p lo t s ) . Four l eve l s each of nitrogen and phosphorus (0 , 25, 
50 and 75 kg N or PJD^/ha) were taken. All the phosphorus (as 
s ingle superphosphate) and half the dose of urea nitrogen were 
applied before sowing and the remaining nitrogen was top-dressed 
one month af te r sowing. For f e r t i l i s e r t reatments , they reported 
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tha t the application of 50 kg N/ha or P^O^/ha s igni f icant ly 
surpassed the res t of the nitrogen and phosphorus l eve l s 
respect ively, for grain y ie ld . They suggested tha t the favourable 
effect on yie ld a t t r i b u t e s , l ike pod number per plant , vjith 
50 kg N and 50 kg P20K/ha might be responsible for higher grain 
y i e ld . 
Vir and Veima (1981) conducted a f ield experiment at Agra 
(Ut tar Pradesh) on mustard (Brassica juncea var. T-59) comprising 
four l eve l s of nitrogen (0 , 30, 60 and 90 kg W/ha), three l eve l s 
of phosphorus (0, 30 and 60 kg Pp0c-/ha) and 3 row spacings as 
va r i ab les . Nitrogen and phosphorus were applied as urea and 
single superphosphate respect ively . I t was noted tha t , among 
nitrogen l e v e l s , 60 kg N/ha and, among phosphorus l eve l s , 
30 kg PpOr-/ha proved b e t t e r for pod number and seed y i e ld . Oil 
content of seeds remained unaffected by nitrogen and phosphorus 
f e r t i l i s a t i o n as well as row spacings, 
Parvaiz ^ t _al_. (1983) conducted a f ield t r i a l at Aligarh 
(Ut ta r Pradesh) with Brassica juncea var . Laha-iOi and Brassica 
camp est r i s var. Peel i Sarson. They reported the superiori ty 
of 20 kg p20c^/ha over 10 kg P20^/ha in the presence of 60 kg N 
and 40 kg K20/ha for al l y ie ld c h a r a c t e r i s t i c s , including pod 
number per plant , seed number per pod, h e c t o - l i t r e weight, seed 
y ie ld , o i l percentage and oi l y ie ld . The treatment 20 kg ^2^^/'^^ 
gave 263.5 and 97.0 kg/ha more seed and o i l yield respectively 
over 10 kg P20^/ha. In t h e i r experiment, Laha-iOl performed 
b e t t e r than Peeli Sarson. 
42 -
2,7 Foliar appl icat ion 
I t i s well established tha t ae r ia l par ts of p l an t s , 
pa r t i cu la r ly leaves, absorb the applied nu t r i en t s in considerable 
amounts. The absorption of nu t r i en t s through aer ia l par ts i s 
known as f o l i a r feeding and the technique, as fo l i a r appl ica t ion , 
is This technique has been u nl vers ally _.r ecpqni s ed t o augment normal . 
f e r t i l i s e r application in agr icu l tura l and ho r t i cu l tu r a l crops 
at different stages of growth. There are many advantages of 
f o l i a r appl icat ion which may be summarised as follows: 
1, Studies have revealed tha t about 50 per cent of so i l -appl ied 
nitrogen (Anonymous, 1971) and about 70 per cent of phosphorus 
(Russel, 1950), i s rendered unavailable t o plants ( ^ e t d many 
fac tors , including f ixat ion, v o l a t i l i s a t i o n , microbial degradation 
and leaching. Fol iar appl icat ion may offset these l o s se s . 
2 , There i s a quick response of p lants to f o l i a r appl icat ion 
of nu t r i en t s as compared to so i l appl icat ion. For example, the 
so i l appl icat ion of lime and magnesium s a l t s requires about 
three years for commercial control of magnesium deficiency in 
apple t r e e s whereas, f o l i a r appl icat ion of Epsom s a l t temporarily 
controls the deficiency during t h i s period. Thus, the f o l i a r 
application may be adopted as an emergency treatment to check 
def ic iencies of nu t r ien ts (Bould and Tolhurst , 1948). 
3, Some crops (such as sugarcane) remove large quan t i t i es of 
f e r t i l i s e r s during early vegeta t ive growth and need f e r t i l i s e r 
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supplements at l a t e r stages when soi l appl icat ion is not 
feas ib le . Fo l ia r application can come in handy under such 
conditions (Al i , 1981). 
4 . The micronutrients copper,iron,manganese and zinc, which 
may be immobilised readily in the so i l under various condit ions, 
are the best bet for f o l i a r appl icat ion and have been used 
successfully t o correct def ic iencies of these elements for 
decades (Jones and Rogers, 1949; Boynton, 1954; Bould, 1963). 
5. Fol iar feeding i s one of the best ways to save f e r t i l i s e r s 
as the f e r t i l i s e r given through fol iage i s far l e ss in amount 
than t h a t applied through soi l (De, 1971; Afridi and Wasiuddin, 
1979). 
6. Fol ia r application may be benef ic ia l over so i l appl icat ion 
under h i l l y or dryland conditions or where soils are porous and 
sandy, highly a lkal ine, acidic or water-logged (Bould, 1963; 
Afridi and Samiullah, 1973). 
This technique has been known since 1803 when Forsyth 
used i t for the f i r s t time (Bould, 1963), Whereas, Wittwer and 
Teubner (1959) reported tha t the e a r l i e s t work using t h i s 
technique was published by Gris (1844). Among the other early 
workers of the l a s t century, the work of Mayer in 1874 and of 
Bohm in 1877 has also been ci ted by Wittwer and Teubner (1959). 
Later ,Bal lard and Volck (1914), Johnson (1924), Felix (1927)> 
Chandler et a l . (1932), Lewis (1936), Biddulph (1941), Wallace 
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and Og i lv i e ( l 9 4 i ) , Wallace and Jones (1942) , Southwick and 
Smith. (1945) , Bould and Tolhurs t (1948) , S i l b e r s t e i n and Wit twer . 
(1951) , Wittwer and Lundahl (1951) , Cook and Boynton (1952) , 
Rodney (1952) , Thome and Vi/at son, (1952, 1953), To lhu r s t and 
Bould (1952) , Hinsvark et_ al.. (1953) , Swanson and Whitney (1953) , 
Yataxawa and Higashino (1953) , Yatazavja arvd T a i (1953) , Thorr\e 
(1954, 1955), among o t h e r s , made n o t a b l e c o n t r i b u t i o n s i n t h i s 
f i e l d . The work done on f o l i a r a p p l i c a t i o n has been reviewed 
from t ime t o t ime (Boynton, 1954; Wit twer and Teubner, 1959; 
Mehrotra and L a i , 1970; Anonymous, 1971; De, 1971; Af r id i and 
Wasiuddin, 1979; Kannan, 1980 and A f r i d i , 1983) . 
In I n d i a , t h e f i r s t r e p o r t on f o l i a r a p p l i c a t i o n us ing 
u rea seems t o be t h a t of Sadaphal and Das (1956) . This was 
followed by t h e work of o the r s (Anonymous, 1958; Barat and Das 
1962; Kannan and Ranganathan, 1963; Ranganathan and Govindan, 
1964; De and Se th , 1965; Sadaphal and Das, 1966; De et. a l . , 1968) , 
among o t h e r s . Extens ive work has been done at Al igarh on va r ious 
c rops , inc lud ing o i l s e e d s (Samiul lah , 1971; A f r i d i and Samiullah 
1973; Khal ique, 1975; Qaseem, 1975; Samiullah and A f r i d i , 1975; 
Naqvi, 1976; Af r id i et. £l_., 1977; Naqvi et_ ^J^. 1977; Af r id i et a l . , 
1978a,b; Inam, 1978; Abbas, 1980; P a r v a i z , 1980; A l i , 1981; 
Parva iz et. a l . , 1982; Af r id i e t a l . . , 1983; Varshney, 1983) . 
Much work has been done on f o l i a r n u t r i t i o n of va r ious 
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crops but the work on mustard seems to be meagre. The avai lable 
infoimation on t h i s pa r t i cu l a r crop i s reviewed below: 
De (1971), discussing the work of Lahir i and De (1971), 
included fo l i a r f e r t i l i s a t i o n of mustard in h is review. In 
the f ie ld txfi^j^ conducted at I«A.R, I . (New Delhi) , four doses of 
ni trogen, v iz , 40, 60, 80 and 120 kg N/ha were given as soi l 
appl icat ion. The experiment also included the treatments where 
nitrogen was supplied par t ly through the foliage and partly-
through the roots ( a t the time of sowing). The s p l i t doses of 
nitrogen comprised 40 + 20 or 40 + 40 or 60 + 20 or 60 + 40 
(basal + f o l i a r ) . He reported t h a t mustard yield increased 
with increasing ra te of nitrogen supply. The increase was 
much higher when part of nitrogen was supplied through fo l iage , 
i r r e spec t ive of the r a t e of nitrogen in comparison with the 
soi l appl ica t ion. I t was found t h a t the supply ra te of 80 kg N/ha 
e i the r by 40 + 40 or 60 + 20 (basal + fo l i a r ) produced more 
yield than when the same quantity of nitrogen was applied 
through s o i l . This efficiency of f o l i a r applicat ion was also 
ref lected in the economics of crop production. At the 80 kg N/ha, 
the so i l + f o l i a r method recorded an extra income of Rs. 300 t o 
400/ha over the soi l applicat ion method, 
Naqvi et_ _al., (1977), working with mustard variety Laha-iOl 
at Aligarh (Ut ta r Pradesh), applied basal phosphorus at the ra te 
of 0, 20 and 40 kg P20^/ha along with 60 kg N and 40 kg Y^Q/ha, 
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Plants \fvere sprayed with phosphorus (2 kg P20^/ha) and sulphur 
( i kg S/ha) alone or in combination. They concluded tha t 
Laha-iOi can be grown profi tably with 20 kg l^^'^^/ha supplemented 
by two sprays of 2 kg P^O^/ha each at flowering and frui t ing 
s tages . 
Afridi et, sil,. (i978a) studied the effect of fo l i a r 
applicat ion of-phosphorus on-mustard var ie ty Laha-iOl, grown 
at Aligarh (Ut tar Pradesh) in a f ie ld r ich in phosphorus and 
potassium. The crop was sown with urea only applied at the 
ra te of 60 kg N/ha. Plants were sprayed once with 0, 1.365, 
2,730 or 5.460 kg P^O^/ha 70 days af ter sowing. In addit ion, the 
lowest dose of phosphorus (1.365 kg P 0 /ha) was sprayed twice 
at" 70 and 90 days of sowing. They concluded tha t two sprays of 
the lowest dose of phosphorus gave the best r e s u l t s . Under t h i s 
optimum treatment , seed yie ld was enhanced over the control 
(sprayed with water) by 63 per cent and o i l content of the seeds 
by 3.9 per cent, 
Vir and Verma (1979), experimenting with mustard 
(Brassica iuncea var . T-59) at Agra (Ut tar Pradesh), applied a l l 
combinations of two leve ls of urea nitrogen (30 and 60 kg N/ha) 
and three methods of nitrogen application ( fu l l dose of nitrogen 
as basa l , 3/4 basal + i / 4 fo l i a r and 1/2 basal + 1/2 fo l i a r ) and 
two addit ional treatments one for absolute control and another 
for water spray. A uniform dose of 30 kg P20j-/ha as s ingle 
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superphosphate was also added. They concluded t h a t appl icat ion 
of 3/4 as basal + i / 4 through fol iage was t he best method of 
nitrogen f e r t i l i s a t i o n . Of t he doses t r i e d , 60 kg N/ha (applied 
as above) proved to be the most economic dose, giving a net 
prof i t of Rs 4,547/ha. 
Parvaiz (1980), in two field experiments conducted at 
Aligarh (Ut tar Pradesh) during 1977-78 on four v a r i e t i e s of 
mustard (Brassica juncea) . namely BR-40, Laha-iOl, T- i l and 
Varuna, applied five coirbinations of sprays of ni t rogen, 
phosphorus and sulphur, v iz . water-sprayed control (N P S_^), 
20 kg N + 2 kg P20^(NP), 20 kg N + 2 kg S (NS), 2 kg P20^ + 
2 kg S (PS) and 20 kg N + 2 kg P20^ + 2 kg S/ha (NPS). A basal 
dose of 60 kg N + 40 kg P^O^ + <d kg K^O/ha (higher) was applied 
in one experiment and of 40 kg N + 20 kg ^2^5 + 40 kg K^O/ha 
(lower) in the other . In t h e experiment with higher dose of 
basal f e r t i l i s e r , i t was observed tha t the application of the 
spray treatment PS showed the highest average increase in pod 
number per plant (72,9 per cen t ) , h e c t o - l i t r e weight (2.2 per cent), 
seed yield (32,0 per cen t ) , o i l percentage (7 ,1 per cent) and 
o i l yield (56.4 per cent) over the water-sprayed cont ro l . In 
the o ther experiment with the lower basal dose, spray of NS 
showed the highest average increase in seed and o i l yield (43.7 
and 64,9 per cent respect ively) over the control , while the 
treatment PS produced seeds with the maximum o i l percentage, 
showing 6,7 per cent increase over the cont ro l . 
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As far as va r i e t i e s were concerned, i t might be added 
tha t var ie ty T- i i produced nfiaximum seed and o i l y ie ld at the 
higher basal level \ft/hereas, Varuna gave the highest value 
for a l l the parameters at the lower basal dose, including 
seed and o i l y i e l d . At the higher basal dose also, Varuna gave 
the highest value for pod number per plant , h e c t o - l i t r e weight 
and o i l percentage, 
A field experiment was conducted at Aligarh (Ut tar Pradesh), 
in 1978-79 by Parvaiz et jal_. (1982) t o work out the most su i tab le 
growth stage of Laha-iOi for spray of various combinations of 
ni trogen, phosphorus and sulphur. Five combinations of nitrogen 
(20 kg N/ha), phosphorus (2 kg P^O^/ha) and sulphur (2 kg S/ha), 
v iz . NQPQSQ (water-sprayed c o n t r o l ) , NP, NS, PS and NPS were 
applied to the leaves at d i f ferent stages of growth, i . e . at 50 
and 70 or 50 and 90 or 70 and 90 days af ter sowing. A basal dose 
of 60 kg N, 20 kg P^O^ and 40 kg K20/ha was given uniformly to a l l 
p lo t s . The data revealed tha t the spray treatments at 70 and 
90 days af ter sowing were more effect ive (compared with other 
combinations) giving maximum h e c t o - l i t r e weight, seed y ie ld , 
o i l percentage and o i l y i e ld . Pod number per plant and seed 
number per pod were maximum in the treatments in which spray was 
applied at 50 and 70 days af ter sowing. They noted t h a t t he 
spray of NPS proved b e t t e r for pod number per plant , seed number 
per pod and seed y i e ld . However, the spray of PS proved best 
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for h e c t o - l i t r e weight, o i l percentage and oi l y i e ld . Regarding 
the in te rac t ion effect , PS applied at 70 and 90 days proved best 
for o i l y ie ld , whereas NPS applied at 50 and 70 days gave the 
maximum seed y ie ld and was followed closely by NPS given at 70 
and 90 days. 
In an e a r l i e r f ie ld t r i a l conducted at Aligarh (Ut tar 
Pradesh) in 1976-77, Afridi &t _al_. (1983), working with mustard 
(Brassica juncea var . Laha-iOl), studied the effect of various 
combinations of leaf-appl ied nitrogen, phosphorus and sulphur 
(N, P, S, NP, NS, PS and I^S) in the presence of two basal 
doses of nitrogen and phosphorus (60 kg N + 20 PoOp. and 
30 kg N + 10 kg p20c/ha) . Nitrogen was sprayed at the rate 
of 20 kg N/ha, phosphorus at 2 kg Pp0c-/ha and sulphur at 2 kg S/ha. 
I t was noted tha t the combination NPS, gave the maximum seed 
yield showing an increase of 44.9 per cent over water-sprayed 
con t ro l . However, o i l percentage and o i l y ie ld were noted to 
be maximum in the f o l i a r treatment PS, which gave 6.9 per cent 
higher o i l content and 60.4 per cent higher o i l yield as compared 
with the control . This o i l yield v /^as, however, at par with tha t 
in treatment NPS ^ ue to^ the maximum seed yield given by t h i s 
spray, as noted above. Considering the effect of the spray 
treatment vdth basal doses, i t could be noted tha t al l spray 
treatments gave superior values with higher basal dose for most 
of the yield c h a r a c t e r i s t i c s , except h e c t o - l i t r e weight and o i l 
percentage. 
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2.3 Concluding remarks 
I t i s evident from the foregoing review of l i t e r a t u r e 
t h a t , insp i te of the recurring shortage of edible o i l s in the 
country and the high p r io r i t y given to o i l seeds cu l t iva t ion by 
the Government of India, sa t i s fac tory progress has not been made 
in increasing t h e i r product iv i ty . True tha t the breeders have 
evolved a number of new v a r i e t i e s with promise of high yield 
and b e t t e r qual i ty , t h e i r adaptabi l i ty under various agro-climates 
has yet to be fully es tabl i shed. Moreover, the cons t ra in ts on 
f e r t i l i s e r s make i t imperative to exploi t new techniques of t h e i r 
economical appl ica t ion . In t h i s connection, i t i s noteworthy 
t h a t , except for the work done at Aligarh, no in-depth study 
has been made on f o l i a r application of f e r t i l i s e r s in the case 
of mustard. Therefore, d ive r s i f i ca t ion of these e f for t s , both 
as regards v a r i e t i e s and doses (including combinations) of 
f e r t i l i s e r s , i s highly des i rab le . 
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CHAPTER - 3 
MATERIAL AND METHODS 
The f i e l d exper iments repor ted and d i scussed in t h e 
present t h e s i s were conducted during t h e ' r a b i ' ( w i n t e r ) season 
during 1980-83 i n small p l o t s at t h e Farm-cum-Botanical Garden 
of t h e Al igarh Muslim U n i v e r s i t y , A l iga rh , 
3 .1 Agro-c l imat ic cond i t ions 
Aligarh i s one of t h e f i f t y seven d i s t r i c t s of U t t a r 
Pradesh (North I n d i a ) , I t has an area of 5,024 sq km and i s 
s i t u a t e d at 27°52' N l a t i t u d e , 78°5i E l ong i t ude and 187,-45 m 
a l t i t u d e . As f a r as c l i m a t e i s concerned, i t has t h e 
c h a r a c t e r i s t i c c l i m a t e of Western U t t a r Pradesh , i . e . semi-ar id 
and s u b - t r o p i c a l c l ima te with hot diy summers and cold w i n t e r s . 
The win te r extends from middle of October t o end of March. The 
mean tempera ture for December and January , t h e co ldes t months, 
i s about 15°C and 13°C and t h e extreme minimum record for any 
s i n g l e day i s 2 C and 0 .5 C r e s p e c t i v e l y . The summer i s h o t , t h e 
average t empera tu re for May i s 34.5°C and for June , 34 C, whereas, 
t h e extreme maximum record i s 45 C and 45 .5 C r e s p e c t i v e l y 
(F igu re l ) . The average annual r a i n f a l l i n t h e d i s t r i c t i s 
847.30 mm. More t h a n 85 per cent of t h e r a i n f a l l occurs during 
June-September and some 10 per cent i n w i n t e r which i s use fu l for 
' r a b i ' crops (F igures 2 - 3 ) . The me teo ro log ica l da t a fo r t h e 
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period of the present inves t igat ion were recorded at t h e 
Meteorological Observatory, Department of Physicsjf Aligarh 
Muslim Universi ty, Aligarh, and are presented in Figures 4 and 5. 
Aligarh d i s t r i c t has the same soi l composition and 
appearance as tha t found generally in Western Ut ta r Pradesh. 
Different types of s o i l s are found in the d i s t r i c t such as 
sandy, loamy, sandy loam and clayey loam* The clayey loam soi l 
i s more frequent (Figure 6) , 
3.2 Soil c h a r a c t e r i s t i c s 
Before sowing, soi l samples were col lected from each plot 
upto a depth of about 10-15 cm. These were mixed and the 
composite sample was analysed in the Soil Chemistry Laboratory 
of the Indian Agricul tural Research I n s t i t u t e (I.A.R. I . ) , 
New Delhi, for physico-chemical p roper t i e s . The so i l analyses 
are given in Table 1. 
3.3 Field preparation 
Before the ra ins set in, the f ie ld was thoroughly ploughed 
to ensure maximum so i l aera t ion. I t also helped in eliminating 
the weeds. After the rainy season, one ploughing was done again 
to eliminate the weeds. Standard agr icu l tu ra l pract ices required 
for mustard were employed. Final ly, plots of 10 sq m size were 
prepared and i r r i g a t e d l igh t ly before sowing, to maintain proper 
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T a b l e i . P h y s i c o - c h e m i c a l c h a r a c t e r i s t i c s of s u r f a c e s o i l of t h e f i e l d s 
used f o r E x p e r i m e n t s i - 6 
C h a r a c t e r i s t i c s 
( i ) T e x t u r e 
( 2 ) P a r t i c l e s i z e 
d i s t r i b u t i o n 
Sand % 
S i l t % 
Clay % 
( 3 ) pH ( 1 : 2 ) 
Expt i 
S .L . 
7 8 . 3 
1 5 . 6 
6 . 0 
7 .9 
1980-81 
Expt 2 
S .L . 
8 0 . 0 
1 3 . 1 
5 , 8 
8 .2 
YEAR 
Expt 3 
S .L . 
7 9 . 4 
1 4 . 4 
6 . 0 
8 . 3 
1981-82 
Expt 4 
S . L . 
7 5 . 3 
1 5 . 6 
9 . 0 
8 .2 
1982. 
Expt 5 
S.L.-
7 6 . 2 
1 5 . 1 
8 .6 
8 . 0 
-83 
Expt 6 
S.L. 
77.7 
13 .3 
8 .5 
8 . 0 
(4) Conduct ivi ty 
E.C. (1 :2 ) 
(m mhos/cm) 0.55 
0.60 0 .70 0.50 0.45 0.40 
(5) Ava i lab le 
n i t rogen (N) 202.2 214.7 231.9 191.2 
( k g / h e c t a r e ) 
181.8 192.8 
(6) Avai lab le 
phosphorus (P) 23 ,5 
( k g / h e c t a r e ) 
24 .0 26.9 24.0 25.8 22.0 
(7) Ava i l ab le 
potassium (K) 1399.9 
( k g / h e c t a r e ) 
1399.9 1394.0 952.5 896.0 896.0 
(8) Calcium 
carbonate Medium Medium Medium Low Medium Low 
S.L. Sandy loam 
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moisture content in the sub-surface of the s o i l . The f e r t i l i s e r 
was broadcast in each plot dccording to treatment j u s t before 
sowing. The sowing was done in furrows 13-15 cm deep,prepared 
by hand-drawn plough^ at proper seed r a t e . 
The six f ie ld experiments conducted in the th ree seasons 
(1980-83) are described separately below: 
3,4 Experiment 1 
The f i r s t (preliminary) experiment was conducted in a 
sandy loam f ie ld during the ' r a b i ' (winter) season 1980-81. 
The physico-chemical analysis of the so i l of the f ie ld is given 
in Table 1, 
The aim of the experiment was to study the comparative 
performance of t en mustard v a r i e t i e s , including Varuna, which 
i s popular among local farmers, t o se lec t those b e t t e r adapted 
to local conditions with regard to t h e i r y ie ld and qual i ty 
c h a r a c t e r i s t i c s . The authentic seeds of t en v a r i e t i e s , namely 
( l ) Appressed Mutant, (2) Pusa Kisan, (3) Pusa Kranti , 
(4) R.75-2, (5) RIK-3, (6) RL-18, (?) RS-3, (8) T-11, (9) T-16 
and (lO) Varuna were obtained from t h e I .A.R. I , Regional Research 
Sta t ion , Kanpur, Uttar Pradesh, The seeds were sown in a simple 
randomised block design and each var ie ty was repl ica ted t h r ee 
t imes. 
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A uniform combined basal dose of comraercial grade urea, 
calcium superphosphate and muriate of potash, at 60 kg N, 
40 kg P^O^ and 40 kg KJD/ha respect ively was applied before 
sowing as per recommendation of the D i s t r i c t Agricul ture 
Department (Table 2 ) , The s ize of each plot was 10 sq m liUu^J^Jr 
(4 X 2,5 m). The seeds were tes ted before sowing for t h e i r ' 
v i a b i l i t y using standard methods. Healthy seeds of uniform 
s ize and weight were selected and t r ea t ed with absolute alcohol 
for surface s t e r i l i s a t i o n . The seeds were sown by the usual 
"behind the plough" method at the r a t e of 10 kg/ha. The furrows 
were kept 22,5 cm apart and the number of seeds per furrow was 
maintained at 15, Sowing was done on 10 October, 1980. The 
f ie ld was i r r iga ted t h r i c e between sowing and harves t ing . Weeding 
was done twice during the en t i r e course of growth of p lan ts . 
Two sprays of an insec t ic ide (Dimecron 100) were applied at 
t he time of aphid in fes ta t ion which coincided roughly with the 
flowering and frui t ing s t ages . 
3,5 Experiment 2 
The second field experiment was performed simultaneously 
with the f i r s t experiment during the rabi season 1980-81, The 
physico-chemical analysis of the so i l of the f ie ld i s given in 
Table i . 
This experiment was designed to select the best dose 
of fo l ia r -appl ied nitrogen out of 5, 10, 15 and 20 kg N/ha with 
Table 2 . Summary of Experiment i (1980-81) 
V a r i e t i e s 
Basal f e r t i l i s e r dose (kg /ha ) 
N -I- P20^ + K^O 
Appressed Mutant 
Pusa Kisan 
Pusa Kran t i 
R.75-2 
RIK~3 
RL-18 
RS-3 
T - l i 
T- i6 
Varuna 
60 + 40 + 40 
It 
II 
it 
II 
II 
It 
II 
It 
Treatment 
Varieties 
Replications 
Design 
Size of each plot 
1 
10 
3 
: Simple randomised 
10 sq m 
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and without phosphoius and sulphur (2 kg each of P2^5 ^"'^  S/ha), 
and a deionised water-sprayed cont ro l , in the presence of two 
doses of soi l -appl ied nitrogen and phosphorus on the yie ld 
and qual i ty characters of mustard. Variety Varuna was 
selected as i t i s preferred loca l ly and had also exhibited 
b e t t e r performance in the e a r l i e r f ie ld t r i a l s of Parvaiz 
(1980), The experiment was la id out according to a s p l i t - p l o t 
design. Thus, there were two main plots and nine sub-p lo t s . 
Out of t he two main p lo t s , one received a uniform basal dressing 
of 40 kg N and 20 kg P20c/ha (sub-optimal) while the other 
received the recommended dose of 60 kg N and 40 kg P^Oj-Zha, A 
uniform dose of potash (40 kg KJD/ha) was also applied to both 
main p l o t s . The sub-plots were assigned to fo l i a r spray 
t rea tments . The size of each sub-plot was 10 sq m (Table 3 ) . ^^ 
• $ ^ 
With regard to basal dressing in main p lo t s , the sources 
for ni t rogen, phosphorus and potassium were urea, calcium 
superphosphate and muriate of potash respec t ive ly . The sources 
of leaf-applied nitrogen, phosphorus and sulphur were urea, 
sodium dihydrogen orthophosphate and sodium sulphate respec t ive ly . 
The spray treatments were applied in two operat ions, i . e . half 
at 70 days (flowering stage) and the remaining half at 90 days 
( f ru i t ing stage) af ter sowing (Naqvi, 1976; Parvaiz, 1980). The 
controls were sprayed with deionised water. There were thus a 
t o t a l eighteen treatments and each treatment was repl icated 
Table 3 . Summary of Experiment 2 (1980-81) 
c„^^„ Basal t r e a t m e n t s (main p l o t s ) 
o p r u y , RormT-Vc 
t r e a t m e n t s ^ ^ j , ^ 0 
( s u b - p l o t s ) 2 5 2 5 (kg/ha) (kg /ha) 
NQPQSQ 4 0 + 2 0 60 + 40 Sprayed wi th 
de ion i sed wate r 
N.P^S^ " " Sprayed wi th 
^ ^ ^ 5 kg N/ha 
N^P^S^ " " Sprayed wi th 5 kg N, 
^ 2 kg P^O^ and 2 kg S/ha 
N,„P„S^ " " Sprayed wi th 
^" ° ° 10 kg N/ha 
N P^S^ " " Sprayed with 10 kg N, 
-^ ^ 2 kg P^O^and 2 kg S/ha 
N,,-P„S„ « " Sprayed wi th 
•^ ^ " " 15 kg N/ha 
N^P^S^ " " Sprayed wi th 15 kg N, 
-^ ^ 2 kg P20^ and 2. kg S/ha 
N^^P^S^ " " Sprayed wi th 
-^ ^ ° ° 20 kg N/ha 
N^„P^Sp " " Sprayed with 20 kg N, 
2 kg P2S^ '^^ ^ ^^ ^/^® 
N.B. A uniform basa l dose of 40 kg K20/ha was added t o both 
main p l o t s . \ 
Treatments : Basal - 2 (main p l o t s ) 
F o l i a r - 9 ( s u b - p l o t s ) 
Var ie ty : 1 (Varuna) 
R e p l i c a t i o n s : 3 
Design : S p l i t - p l o t 
S ize of ei^ch plot : 10 sq m 
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t h r i c e . Other agr icu l tura l p rac t i ces , e .g. preparation of the 
f ie ld , s ize of each experimental p lo t , se lec t ion and treatment 
of seeds, method of sowing, seed r a t e , i r r i g a t i o n , weeding 
and pest control , were more or l e s s the same as in Experiment 1. 
Sowing was done on 12 October, 1980. 
3.6 Experiment 3 
The t h i r d f ie ld experiment was conducted simultaneously 
with the f i r s t and the second experiment, during the ' r a b i ' 
season 1980-81. The physico-chemical analysis of the so i l i s 
given in Table 1, 
This experiment was also conducted on mustard var ie ty 
Varuna, The aim of the experiment was to se lec t , on the bas is 
of y ie ld and qual i ty , the best out of seventeen combinations 
of leaf-appl ied phosphorus and sulphur (each at the r a t e of 2, 
4, 6 or 8 kg Po^s and S/ha), including one water-sprayed contro l , 
under two basal f e r t i l i s e r regimes. The design of the experiment 
was s p l i t - p l o t . There were two main plots out of which one 
received 40 kg N (as urea) and 20 kg P20^/ha (as calcium 
superphosphate) while, the other , received 60 kg N and 40 kg Po^^/ 
ha as in Experiment 2, A uniform dose of potassium at t h e ra te 
of 40 kg iCO/ha (as muriate of potash) was also applied t o both 
main p l o t s . Thus, in a l l there were t h i r t y four treatments 
consis t ing of sixteen f o l i a r appl icat ions of phosphorus and 
sulphur in addition to the water-sprayed control (sub-plots) 
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under two basal treatments (main p l o t s ) . Each treatment was 
repl icated t h r i c e . The crop was sown on 18 October, 1980. 
Leaf-applied phosphorus and sulphur were sprayed as aqueous 
solut ion of sodium dihydrogen orthophosphate and sodium sulphate 
respect ively . The sprays were applied in two operat ions, i . e . 
half at 70 days (flowering stage) and the remaining half at 
90 days ( f ru i t ing stage) af ter sowing (Naqvi, 1976; Parvaiz, 
1980), The scheme of the treatments i s given in Table 4. The 
other prac t ices were more or less the same as in Experiments 
1 and 2 . 
3.7 Experiment 4 
The fourth f ield experiment was conducted during the 
' r a b i ' season 1981-82. The physico-chemical analysis of the 
so i l of the f ie ld i s given in Table 1« 
In t h i s simple randomised f ie ld experiment, a comparison 
of the efficacy of the optimum dose (20 kg N/ha) of spray 
nitrogen (Experiment 2) was made with th ree doses of top-dressing 
(45, 30 and 20 kg N/ha) to se lec t the optimum combination with 
basal nitrogen in r e l a t ion t o y ie ld and quali ty cha r ac t e r i s t i c s 
of Varuna. Three basal doses of nitrogen (45, 60 and 90 kg N/ha) 
were top-dressed with t he th ree nitrogen doses mentioned above, 
v iz . 45, 30 and 20 kg N/ha, respec t ive ly . On the other hand, 
spray nitrogen was applied only at the r a t e of 20 kg N/ha, with 
and without one dose each of phosphorus and sulphur (8 kg P^ jOj. + 
Table 4 . Summary of Experiment 3 (1980-81) 
Spray-
t r e a t m e n t s 
( s u b - p l o t s ) 
^0^0 
^2^2 
^ 2 ^ 4 
^2^6 
^2^8 
P4S2 
P4S4 
^4^6 
P S 
^4^8 
^6^2 
^ 6 ^ 4 
^6^6 
^6^8 
^8^2 
^ 8 ^ 4 
^8^6 
^8^8 
B 
N + 
as< 3l t : 
' ( m a i n 
PoO. 
( k g / h a ) ' 
40 + 
I I 
» 
n 
tt 
II 
It 
tt 
ti 
I I 
tt 
H 
It 
II 
tt 
It 
II 
20 
ceatments 
p l o t s ) 
N + 
^2^5 
( k g / h a ) " 
60 + 40 
If 
If 
11 
It 
It 
It 
It 
II 
H 
tt 
I I 
II 
II 
It 
It 
It 
Remarks 
Sprayed with de ion i sed wate r 
Sprayed with 2 kg P^ Op- and 
2 kg S/ha ^ ^ 
Sprayed v>;ith 2 kg P9OC- and 
4 kg S/ha "^ ^ 
Sprayed with 2 kg PQC^. and 
6 kg S/ha "^  ^ 
Sprayed with 2 kg P^ O^^  and 
8 kg S/ha ^ ^ 
Sprayed with 4 kg P^ O -^ and 
2 kg S/ha ^ 
Sprayed with 4 kg PoOc and 
4 kg S/ha '^  ^ 
Sprayed with 4 kg P'^0 and 
6 kg S/ha "^  ^ 
Sprayed with 4 kg PoOt- and 
8 kg S/ha "^  ^ 
Sprayed with 6 kg P^ Oc- and 
2 kg S/ha ^ ^ 
Sprayed with 6 kg P^Oc and 
4 kg S/ha "^  ^ 
Sprayed with 6 kg PoOp- and 
6 kg S/ha '^  ^ 
Sprayed with 6 kg P^ Op- and 
8 kg S/ha -^  ^ 
Sprayed with 8 kg P^ O -^ and 
2 kg S/ha "^  ^ 
Sprayed with 8 kg P^O and 
4 kg S/ha "^  ^ 
Sprayed with 8 kg P^O^ and 
6 kg S/ha ^ ^ 
Sprayed wi th 8 kg POOK and 
8 kg S/ha ^ ^ 
N.B. A uniform basa l dose of 40 kg K20/ha was added t o both main p l o t s , 
Treatments : Basal - 2 Tmain p l o t s ) 
F o l i a r - 17 ( s u b - p l o t s ) 
Var ie ty : 1 (Varuna) 
R e p l i c a t i o n s : 3 
Design : S p l i t - p l o t 
S ize of each p lo t : 10 sq m 
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2 kg S/ha), selected on the bas is of the data of Experiment 3 . 
In addit ion, there was a control receiving 90 kg N/ha as basal 
dose and sprayed with deionised water. A uniform dose of 
phosphorus and potassium (each at the r a t e of 40 kg PpOj. and 
KpO/ha) was also applied at the time of sowing. Thus, in a l l 
there-were ten-treatments^each rep l ica ted t h r i c e . The crop was 
sown on 15 October, 1981, The sources of the nu t r i en t s , were 
the same as in Experiment 2, Fo l ia r applicat ion as well as 
top-dressing of nu t r i en t s was done in two operations, i . e . half 
at 70 days (flowering stage) and remaining half at 90 days 
( f ru i t i ng stage) after sowing. The scheme of the t rea tments is 
given in Table 5, The d e t a i l s of other pract ices were the 
same as in Experiment 2 . 
3,8 Experiment 5 
This experiment was carr ied out during the ' rabi* season 
1982-83. The physico-chemical analysis of the so i l of the f ie ld 
i s given in Table 1, 
The aim of the experiment was to evaluate ten mustard 
v a r i e t i e s on the bas is of t h e i r response to the optimum spray 
dose N20'^ 8^2 (Experiment 4) in r e l a t i on to t h e i r yield and 
qua l i ty . These included: ( l ) Appressed Mutant, (2) Pusa Kisan, 
(3) Pusa Kranti , (4) R,75-2, (5) RIK-3, (6) RL-18, (?) RS-3, 
(8) T-11, (9) T-16 and (10) Varuna, The design of the experiment 
was simple randomised. 
Table 5. Summary of Experiment 4 (1981-82) 
Treatments 
(kg/ha) 
Basal 
N 
Top-dress ing 
N 
Spray 
N -^ ^2%"^ ^ 
1 
T 
T. 
7 
• 8 
10 
90 
90 
60 
45 
90 
60 
45 
90 
60 
45 
20 
30 
45 
VJat er 
2 0 + 0 + 0 
2 0 + 0 + 0 
2 0 + 0 + 0 
2 0 + 8 + 2 
2 0 + 8 + 2 
2 0 + 8 + 2 
N.B. A uniform basa l dose of 40 kg P20^ and 40 kg K20/ha was 
added t o t h e s o i l -
Treatments 
Vari ety 
Rep l i c a t i ons 
Design 
S ize of each p lo t 
10 
1 (Varuna) 
3 
Simple randomised 
10 sq m 
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On the bas is of the r e s u l t s of Experiment 4, a uniform 
basal dose of urea (60 kg N/ha), calcium superphosphate (40 kg 
PpOc/ha) and muriate of potash (40 kg K^O/ha) was applied. 
There were three rep l i ca tes for each of the t e n v a r i e t i e s 
(Table 6 ) . 
The d e t a i l s of agr icu l tu ra l , pract ices adopted were the 
same as in the previous experiments. Sowing wa'S done on 15 
October, 1982. 
3.9, Experiment 6 
The l a s t experiment was also carr ied out during the ' r a b i ' 
season 1982-83. The physico-chemical analysis of the so i l of 
the f ie ld i s given in Table 1. 
The aim of the experiment was t o compare the response 
of six v a r i e t i e s (selected for t h e i r b e t t e r performance in 
Experiment l ) to the optimum spray treatment N2(-,PoS2 . 
(Experiment 4) applied as supplement under two basal regimes 
of nitrogen and phosphorus with uniform potassium. The v a r i e t i e s 
included: ( l ) Appressed Mutant, (2) R.75-2, (3) RL-18, (4) T - l i , 
(5) T-i6 and (6) Varuna. The design of the experiment was 
s p l i t - p l o t . There were two main plots and six sub-plo ts . Out 
of these two main p lo t s , one received 40 kg N + 20 kg PoOc + 
40 kg K2O while, the other received 60 kg N + 40 kg P2O + 
Table 6. Sumrnaiy of Experiment 5 (1982-83) 
V a r i e t i e s 
Treatment (kg /ha) 
Basal Spray 
N + P20^ + K2O N -f P^O^ + S 
Appressed Mutant 
Pusa Kisan 
Pusa Kran t i 
R.75-2 
RIK-3 
RL-18 
RS-3 
T - l i 
T-16 
Varuna 
6 0 + 4 0 + 4 0 2 0 + 8 + 2 
It 
II 
11 
It 
Treatment 
Vari e t i es 
Rep l i ca t ions 
Design 
S ize of each p lo t 
i 
10 
: 3 
! Simple randomised 
: 10 sq m 
60 -
40 kg K20/ha. A uniform spray treatment of 20 kg N + 8 kg PpOc-H-
2 kg S/ha was applied t o both main p l o t s . The six v a r i e t i e s 
were al loted to the sub-plots which were replica'ted t h r i c e . 
The summary of t h e treatments i s given in Table 7. Other 
d e t a i l s were the same as in the previous experiments. Sowing 
was done on 22 October, 1982. 
3,10 Sampling technique 
At harvest , five plants were taken randomly from each 
plot t o study pod number per plant and seed number per pod. 
For t o t a l weight of seeds per p lo t , as well as other yield 
characters , t he en t i r e plot was harvested. 
The harvested crop was sun-dried in a net house t o check 
losses<6Ajie3^) b i rds and rodents . Each sample was threshed 
separately by beating with s t i c k s . Winnowing was done with a 
hand-winnower and seeds were u t i l i s e d for assessing the other 
c h a r a c t e r i s t i c s . 
3.10.1 Yield cha rac t e r i s t i c s 
The following yie ld cha r ac t e r i s t i c s were studied: 
( i ) Pod number per plant 
( i i ) Seed number per pod 
( i i i ) Hec to- l i t r e weight of seeds 
( iv) Seed y ie ld (kg/ha) 
Table 7 . Summary of Experiment 6 (1982-83) 
V a r i e t i e s 
( s u b - p l o t s ) 
Basal t r e a t m e n t s (main p l o t s ) 
(kg /ha) 
N + P^O^ 
(kg/ha) 
Appressed Mutant 
R.75-2 
RL-18 
T - i l 
T-16 
Varuna 
40 + 20 60 + 40 
If 
It 
t» 
ti 
N.B. A basa l dose of 40 kg IC,0 / h a as wel l as spray dose of 
20 kg N + 8 kg P2'^5 "^  ^ ^9 S/ha was appl ied uniformly 
t o both main p l o t s •, 
Treatments 
V a r i e t i e s 
R e p l i c a t i o n s 
Design 
S ize of each p lo t 
2 
: 6 
: 3 
: S p l i t - p l o t 
: 10 sq m 
6i -
(v) Oil percentage 
(v i ) Oil yield (kg/ha) 
3.10.2 Quality cha rac t e r i s t i c s 
The o i l was analysed for the following qual i ty 
c h a r a c t e r i s t i c s : 
( i ) Acid value 
( i i ) Iodine value 
( i i i ) Saponification value 
3• J-l Seed and o i l analyses 
Seeds were analysed to assess t h e i r o i l content . Oil 
was then analysed in terms of acid value, iodine value and 
saponif icat ion value, 
3.11.1 Preparation of seed sample for the analysis 
The impuri t ies l a r g e r than the seeds were separated by 
screening with the aid of a sieve which allowed the seeds to 
pass through. The smaller dust pa r t i c l e s were removed with the 
help of another appropriate s ieve . 
3.11.2 Grinding 
In order to extract o i l , grinding was done in a gr inder 
u n t i l the formation of fine meal. 
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3.11.3 Determination of o i l content 
To assess the o i l content, 25 g of ground seeds were 
t ransferred to a Soxhlet apparatus to which suff ic ient quantity 
of pure petroleum ether was added. The apparatus was kept in 
a hot water bath, running at 60 C, for about 6 hrs for complete 
extract ion of the o i l . The petroleum ether, containing the 
extracted o i l , was evaporated. The extracted o i l was expressed 
as a percentage by mass and was calculated by the following 
foimula: 
100 X m 
m' 
where m i s the sum of the mass of o i l in g and m'., the mass 
( i n g) of the seed sample. 
3.11.4 Determination of acid value 
The acid value i s the number of mg of potassium hydroxide 
(KOH) required t o neu t r a l i s e free acid in 1 g of substance. I t 
was determined by the following method: 
2 g of the o i l and 50 ml of solvent mixture (Appendix) 
were taken t o dissolve the o i l in a 250 ml conical flask . 
T i t r a t ion was carried out with O.i N KOH solution (Appendix) 
using phenol pht hale in (Appendix) as an ind ica tor . Number of 
ml 'X' of 0,1 N KOH required was noted. The acid value was 
calculated by the following formula: 
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' x ' X 0.00561 X 1000 
Acid value = 
w 
where 'w' i s the \weight in g of o i l (Anonymous, 1970), 
3.11*5 Determination of iodine value 
The iodine value of o i l i s the number of the halogen 
absorbed by 100 g of o i l and expressed as the weight of iodine. 
I t was determined by iodine monochloride method. 
3 .11.5,1 Iodine monochloride method 
2 g accurately weighed o i l was placed in a dry ground 
necked f lask . To i t , 10 ml of carbon t e t r a c h l o r i d e and 20 ml of 
iodine monochloride solut ion (Appendix) were added. The flask 
was stoppered and allowed t o stand in a dark place for about 30 
min. After t h a t , 15 ml of potassium iodide solut ion (Appendix) 
and 100 ml of double d i s t i l l e d water were poured with proper 
shaking. T i t ra t ion was carr ied out with 0.1 N sodium 
thiosulphate solut ion (Appendix) using starch solut ion (Appendix) 
as an indica tor . Number of ml, i . e . ' a ' of sodium th iosulphate 
solut ion was noted. For blank, the same operation was carried 
out but without the o i l . The number of ml, i . e . ' b ' of 0.1 N 
sodium thiosulphate required for the blank was also noted. 
Iodine value was calculated by the following formula: 
(b - a) x 0.01269 x 100 
Iodine value = 
w 
where 'w' i s the weight in g of o i l taken (Anonymous, 1970). 
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3.11,6 Determination of saponif icat ion value 
The saponificat ion value i s the number of mg of potassium 
hydroxide required to neu t ra l i se the f a t ty acids resu l t ing from 
the complete hydrolysis of 1 g of o i l . 
2 g of the o i l was weighed accurately in 250 ml conical 
f lask. 25 ml of 0,5 N KOH solut ion (Appendix) was added. The 
flask was attached, with reflux condenser and boiled on a water 
bath for about 1 hr with frequent ro ta t ion of the contents of 
the f lask . After cooling, 1 ml phenolphPthaleiJi solut ion was 
added. The excess of a lka l i was t i t r a t e d with 0,5 N HCl 
(Appendix), The number of ml, i . e . ' x ' was noted. For blank, 
the operation was repeated in the same manner omitting t he o i l 
and the number of ml, i . e . ' y ' required for i t was noted. 
Saponification value was calculated by the following formula: 
(y - x) X 0.02805 x 1000 
Saponification value = 
w 
where 'w' i s the weight in g of o i l (Anonymous, 1970), 
3,12 S t a t i s t i c a l analysis 
The experimental data were s t a t i s t i c a l l y analysed by 
adopting analysis of variance technique according t o Panse and 
Sukhatme (1967). In applying the ' F ' t e s t s , the er ror <^ijjtg) 
rep l ica tes was also determined. When 'F* value was found to be 
s igni f icant at the 5 per cent level of probabi l i ty , c r i t i c a l 
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d i f f e r ence (C.D.) was a l so c a l c u l a t e d . The models of t h e 
ana lys i s of va r i ance (ANOVA) are g iven in Table 8 , 
Table 8. Models of t h e Analys is of Variance (ANOVA) 
Experiment i (s imple randomised block design) 
Source of v a r i a t i o n D.F. q c M.S, 
R e p l i c a t i o n s 
V a r i e t i e s 
E r r o r 
2 
9 
18 
To ta l 29 
Experiment 2 ( s p l i t - p l o t des ign) 
Source of v a r i a t i o n D.F. S,S, M.S. 
R e p l i c a t i o n s 
Main p lo t t r ea tmen t s (M) 
Er ro r ( a) 
Sub-p lo t t r ea tmen t s (S) 
I n t e r a c t i o n M x S 
Er ro r (b) 
2 
1 
8 
32 
Tota l 53 
Experiment 3 ( s p l i t - p l o t des ign) 
Source of v a r i a t i o n D.F. o « c j . M.S. 
R e p l i c a t i o n s 
Main p l o t t r e a t m e n t s (M) 
E r r o r ( a) 
Sub-p lo t t r e a t m e n t s (S) 
I n t e r a c t i o n M x S 
E r r o r (b) 
To ta l 
2 
1 
2 
16 
16 
64 
101 
Table 8 ( c o n t d . ) . Models of t h e Analys is of Variance (ANOVA) 
Experiment 4 ( s imple randomised block des ign) 
Source of v a r i a t i o n D.F. S.S . M.S. 
R e p l i c a t i o n s 
Treatments 
E r r o r 
2 
9 
18 
To ta l 29 
Experiment 5 ( s imple randomised block des ign) 
Source of v a r i a t i o n D.F. S.S. M.S. 
R e p l i c a t i o n s 
V a r i e t i e s 
E r ro r 
2 
9 
18 
To ta l 29 
Experiment 6 ( s p l i t - p l o t des ign) 
Source of v a r i a t i o n D.F. S.S . M.S. 
Rep l i ca t i ons 
Main p l o t t r e a t m e n t s (M) 
E r r o r ( a ) 
V a r i e t i e s (S) 
I n t e r a c t i o n M x S 
E r r o r (b) 
2 
1 
2 
5 
5 
20 
To t a l 35 
Table 8 ( c o n t d . ) . Models of t h e Analysis of Variance (ANOVA) 
Experiment 4 ( s imple randomised block des ign) 
Source of v a r i a t i o n D.F. S.S . M.S. 
Rep l i ca t ions 
Treatments 
E r ro r 
2 
9 
18 
To ta l 29 
Experiment 5 ( s imple randomised block des ign) 
Source of v a r i a t i o n D.F. S.S, M.S. 
Replications 
V a r i e t i e s 
E r ro r 
9 
18 
Tota l 29 
Experiment 6 ( s p l i t - p l o t des ign) 
Source of v a r i a t i o n 
Rep l i ca t ions 
Main p l o t t r e a t m e n t s (M) 
E r r o r ( a) 
V a r i e t i e s (S) 
I n t e r a c t i o n M x S 
E r r o r (b) 
D.F. S.S . 
2 
1 
2 
5 
5 
20 
M.S. 
T o t a l 35 
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CHAPTER - 4 
EXPERIMENTAL RESULTS 
4 . 1 Experiment 1 
In t h i s simple randomised f i e l d experiment , t h e p e r f o r -
mance of t e n mustard v a r i e t i e s , namely Appressed Mutant, Pusa 
Kisan, Pusa K r a n t i , R.75-2, RIK-3, RL-18, RS-3, T - l i , T-16 and 
Varuna, was s tud ied i n r e l a t i o n t o y i e l d and q u a l i t y c h a r a c t e r -
i s t i c s under a unifoim basa l dose of n i t r o g e n , phosphorus and 
potassium (60 kg N + 40 kg P^O^ + 40 kg K20/ha) . 
V a r i e t a l d i f f e r e n c e s were found t o be s i g n i f i c a n t fo r 
a l l t h e c h a r a c t e r i s t i c s s t u d i e d . The d a t a i n d i c a t e d c l e a r l y 
t h e s u p e r i o r i t y of a s i n g l e v a r i e t y (Varuna) as i t performed 
b e t t e r than a l l o t h e r s with regard t o almost a l l y i e l d paramete rs , 
p a r t i c u l a r l y seed and o i l y i e l d (Table 9 ) . However, t h e same 
could not be said for any v a r i e t y on t h e b a s i s of q u a l i t y 
c h a r a c t e r i s t i c s . The d a t a are b r i e f l y desc r ibed below and are 
summarised in Table 9 . 
4 . 1 . 1 Pod number per p lan t 
Pod number was recorded t o be maximum i n Varuna. I t 
produced 48,5 per cent more pods t han RIK-3 which gave t h e 
lowest v a l u e . Varuna was followed by Appressed Mutant and 
T-16 which were at pa r . 
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4.1.2 Seed number per pod 
Like pod number, seed number was also maximum in Varuna. 
It was followed by Appressed Mutant which was equalled by T~ii, 
T-16 and RS-3, Varuna produced 19.3 per cent more seed as 
compared to Pusa Kranti which was poorest in seed production. 
4.1 .3 Hec to- l i t r e weight 
The h e c t o - l i t r e weight was maximum in RS-3, Varuna and 
Pusa Kranti which were at par. The lowest h e c t o - l i t r e weight 
was recorded for RIK-3 which was about 4.3 per cent l e s s e r 
than those of above mentioned v a r i e t i e s . 
4 .1.4 Seed yield 
All v a r i e t i e s differed c r i t i c a l l y in seed yie ld from one 
another except Appressed Mutant and T-16, which did not show 
s ignif icant difference from each other . Here again, Varuna 
out-yielded other v a r i e t i e s . I t gave 17.6, 44 .3 , 25.4 , 27 .1 , 
55.3, 29.5, 34 .1 , 21.4 and 18.1 per cent higher seed yield as 
compared to Appressed Mutant, Pusa Kisan, Pusa Krant i , R.75-2, 
RIK-3, RL-18, RS-3, T-11 and T-16 respec t ive ly . 
4 .1 .5 0.il percentage 
Unlike other y ie ld parameters, Varuna was not found 
superior to other v a r i e t i e s in o i l percentage of seed. The 
maximum value was noted in RL-18, followed by R.75-2. The 
68 -
next in performance was RIK-3 equalled by Pus a Kisan. I t was 
in t e re s t ing to note t ha t var ie ty RL-18 surpassed Varuna by 
1,9 per cent and Appressed Mutant (which gave the l eas t value) 
by 3.0 per cent in o i l percentage. 
4.1.6 Oil yield 
Oil y ie ld was found to d i f fe r c r i t i c a l l y from variety 
to var ie ty , the only exceptions being Appressed Mutant, which 
was at par with T-11, and RL-IB which equalled R.75-2. Like 
pod number, seed number, h e c t o - l i t r e weight and seed y ie ld , 
Varuna regis tered highest o i l y i e ld . I t was followed by T-16 
and T - i l . Varuna produced 21.2, 41.7, 28 .5 , 22.9, 52,0, 23 .3 , 
34.8, 20,5 and 17.2 per cent more o i l y ie ld per hectare as 
compared to Appressed Mutant, Pusa Kisan, Pusa Kranti , R.75-2, 
RIK-3, RL-18, RS-3, T-11 and T-16 respec t ive ly . 
4 .1 .7 Acid value 
Pusa Kisan registered lowest acid value while RS-3 
gave the highest value. Acid value was 74.4 per cent more in 
RS-3 as compared to Pusa Kisan. Pusa Kisan was followed by Pusa 
Kranti which was equalled by Appressed Mutant. Varuna was next 
to Appressed Mutant, 
4.1.8 Iodine value 
The lowest iodine value was noted in RS-3 followed 
by T - i i . I t was maximum in Appressed Mutant, being 3.3 per cent 
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higher than RS-3. T- i i was followed by Varuna, RL-i8 and 
R.75-2 which were at par. 
4.1.9 Saponification value 
Pusa Kisan gave the highest saponificat ion value, 
being 3.4 per cent more than RS-3 which gave the lowest value, 
Pusa Kisan was followed by Appressed Mutant and Pusa Kranti 
which were at par and by RIK-3, The remaining v a r i e t i e s , v iz . 
T-16, RL-18, R,75-2, T-11, Varuna and RS-.3 did not show marked 
differences . 
4.2 Experiment 2 
In t h i s s p l i t - p l o t f ield experiment, the effect of 
four doses of spray nitrogen (5 , 10, 15 and 20 kg N/ha) with and 
without phosphorus and sulphur (2 kg ^2^5 + 2 kg S/ha) on yield 
and quali ty cha rac t e r i s t i c s of mustard var ie ty Varuna was 
studied to se lec t the optimum dose, A water-sprayed control 
completed the nine sub-plot t rea tments . The sprays were applied 
to two levels of basal nitrogen and phosphorus, v iz , 40 kg N + 
20 kg P^O^ and 60 kg N + 40 kg ^2^5/^^ (main plot t reatments) 
to each of which a uniform dose of 40 kg K20/ha was also added. 
Basal, as well as fo l i a r , appl icat ion s ign i f ican t ly 
affected a l l y ie ld and quali ty cha r ac t e r i s t i c s studied. The 
differences between two treatment means at the same level of 
sub-plot and differences in sub-plots at the same level of main 
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plot \Nere also found t o be s ignif icant for a l l the a t t r i b u t e s . 
The data, summarised in Tables 10-18, are br ie f ly described 
below; 
4 .2 .1 Pod number per plant 
" I t ^ i s evident from Table 10 tha t the higher„basal 
treatment (N^_^P.^) gave 11.7 per cent more pods per plant than 
the lower basal dose i^An^20^* 
All spray treatments (sub-plots) gave s igni f icant ly 
higher values than that of cont ro l . Among these, N„ P„S„ gave 
the highest value, being 36.2 per cent more than tha t of 
vjater-sprayed con t ro l . The values given by a l l spray treatments 
differed c r i t i c a l l y from each other . 
On comparing different main plot means at the same 
level of sub-plot, i t was observed tha t each spray treatment 
(including control) produced more pods with the higher basal 
dose in comparison with i t s respective counterpart (spray 
treatment x N.QP^Q ) . 
When different sub-plot means at the same level of 
main plot were taken in to consideration, i t was found tha t a l l 
spray t reatments , at both basal l eve l s (main p l o t s ) , gave 
s ignif icant higher values for pod number than t h e i r respective 
water-sprayed cont ro ls . Spray of .^Q^2^2 P ^ ^ ® ^ '^®st at both 
l e v e l s . 
T a b l e 1 0 , E f f e c t of N, P and S sp ray on mus ta rd v a r i e t y 
Varuna , grown a t two b a s a l l e v e l s of N and P , 
on pod number p e r p l a n t 
B a s a l t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s —_—__ Mean 
( s u b - p l o t s ) ., p T^ p 
NQPQSQ 2 4 8 . 6 0 0 2 6 9 . 2 6 6 2 5 0 . 9 3 3 
N ^ P Q S Q 2 5 9 . 2 0 0 - ^ 2 8 8 . 8 0 0 2 7 4 . 0 0 0 
N^P2S2 2 6 3 . 0 6 6 3 0 7 . 3 3 3 2 8 5 . 2 0 0 
^10-^0^0 2 6 5 . 4 6 6 -^ 3 2 5 . 9 3 3 2 9 5 . 7 0 0 
^10^2^2 2 6 8 . 4 6 6 326 .733 2 9 7 . 6 0 0 
^15-^0^0 3 0 8 . 0 0 0 " ' 335 .666 321 .833 
Nj^^P2S2 311 .800 338 ,466 3 2 5 . 1 3 3 
^20^0^0 314 .200 ' ^ 345 .400 329 .800 
^20^2^2 350 .600 3 5 4 , 5 3 3 352 .566 
Mean 2 8 7 . 7 1 1 321 .480 
N.B . A u n i f o r m b a s a l d o s e of 40 kg K20/ha was added t o b o t h 
main p l o t s , 
C D . a t "0% 
Main p l o t m a r g i n a l means 4 . 4 9 0 
S u b - p l o t m a r g i n a l means 2 . 8 8 1 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 5 .509 
S u b - p l o t means a t t h e same l e v e l 
of main p l o t 4 .032 
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4.2.2 Seed number per pod 
The higher basal dose ( N ^ Q P ^ ) produced 5.9 per cent 
more seeds per pod in comparison t o ^AQ^OO ^'^^^^^ i l ) . 
The spray treatment ^20^2^2 P^^ ^Qcl best for seed number, 
which was equal t o the spray treatment ^2n* "^^^ increase(diTeL 
- i ^ ^20^2^2 ^^^ 16.2 per cent over the water-sprayed control 
which produced the lowest number of seeds per pod. 
Considering the differences of main plot means at the 
same level of sub-plot , i t was noted tha t seed number, l ike pod 
number, was s igni f icant ly higher in t he spray treatments applied 
with N,^P.„ as the basal dose. 60 40 
While studying the in te rac t ions between the sub-plots at 
the same level of main p lo t , i t was found tha t a l l spray 
treatments at both basal levels gave higher values compared t o 
t h e i r respect ive water-sprayed con t ro l s . Like pod number, the 
highest seed number was also noted in ^20^2^2 ^^ both l e v e l s . 
4 .2 .3 Hec to - l i t r e weight 
A peirusal of Table 12 clear ly indica tes t h a t the higher 
basal dose (^^.Q^^Q) produced 1.0 per cent heavier seeds than the 
lower basal dose ( N ^ P 2 Q ) , the values differ ing c r i t i c a l l y with 
each other . 
Most of the spray treatments were noted t o be different 
Table ii« Effect of N, P and S spray on mustard variety 
Varuna, grown at two basal levels of M and P, 
on seed number per pod 
f, 4. J. J. Basal treatments (main plots) ., 
Spray treatments ]; ^ Ale an ( s u b - p l o t s ) N P N P 
40 20 ^60^40 
NQPQSQ 1 1 . 7 3 3 12 .200 11 .966 
N ^ P Q S Q 1 2 . 0 0 0 12 .666 1 2 . 3 3 3 
^S-^2^2 1 2 . 0 6 6 13 .000 1 2 . 5 3 3 
^10^0^0 1 2 . 3 3 3 1 3 . 2 0 0 1 2 . 7 6 6 
^10^2^2 1 2 . 6 0 0 1 3 . 6 6 6 1 3 . 1 3 3 
^15-^0^0 1 2 . 9 3 3 13 .800 1 3 . 3 6 6 
^15^2^2 1 3 . 3 3 3 13 .866 1 3 . 6 0 0 
^"'20-^0^0 1 3 . 4 6 6 1 4 . 0 6 6 1 3 . 7 6 6 
^20-^2^2 1 3 . 5 3 3 14 .266 1 3 . 9 0 0 
Mean 1 2 . 6 6 6 1 3 . 4 1 4 
N.B . A un i fo rm b a s a l dose of 40 kg iCO/ha was added t o b o t h 
main p l o t s ., 
C D . a t 5% 
Main p l o t m a r g i n a l means 0 . 1 1 4 
S u b - p l o t m a r g i n a l means 0 . 2 0 1 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 0 , 2 8 6 
S u b - p l o t means a t t h e same l e v e l 
of main p l o t 0 . 2 8 5 
T a b l e 1 2 . E f f e c t of N, P and S sp ray on mustard v a r i e t y 
Varuna, grovm a t two b a s a l l e v e l s of N and P , 
on h e c t o - l i t r e w e i g h t ( k g ) 
B a s a l t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s , '• Mean 
( s u b - p l o t s ) u p M P 
NQPQSQ 6 4 . 8 3 3 65 .166 65 .000 
N^P^S^ 6 3 . 2 0 0 6 4 . 5 0 0 6 3 . 8 5 0 
^S'^2'^2 65 .000 6 5 . 8 3 3 65 .416 
N,^P^S^ 6 2 . 8 3 3 6 3 . 8 3 3 6 3 . 3 3 3 10 0 O 
1^ ' P2S2 64 .666 65 .500 6 5 . 0 8 3 
NJ^^PQSQ 6 2 . 1 6 6 6 2 . 8 3 3 6 2 . 5 0 0 
^15^2^2 6 4 . 0 0 0 64 .166 6 4 . 0 8 3 
^^20^0^0 62 ,166 6 2 . 3 3 3 62 .250 
^20^2^'2 6 4 . 3 3 3 6 4 . 8 3 3 6 4 . 5 8 3 
Mean 6 3 . 6 8 8 6 4 . 3 3 3 
N .B . A u n i f o r m b a s a l d o s e of 40 kg K20/ha was added t o b o t h 
main p l o t s 
Main p l o t m a r g i n a l means 
S u b - p l o t m a r g i n a l means 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 
S u b - p l o t means a t t h e same l e v e l 
of main p l o t 
.D, 
0, 
0. 
0. 
0 , 
. at 5% 
.117 
.232 
.325 
.328 
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from one another in r e la t ion t o t h e i r effect on h e c t o - l i t r e 
weight. The treatment N^^o^a 9^^® s igni f icant ly maximum value 
and N„Q, the lowest. The increase (due to) Nc^ P2S2 over ]^2Q arid 
N P^SQ (water-sprayed control) was 5.1 and 0.6 per cent 
respec t ive ly . I t i s noteworthy tha t the addition of phosphorus 
and sulphur to the sprays, resul ted in higher h e c t o - l i t r e weight 
than the comparable spray containing nitrogen alone. 
On comparing the values of main plot means at the same 
level of sub-plot , i t emerged tha t a l l the spray treatments 
(including control) gave higher values with higher basal dose 
as compared to t h e i r respect ive counterparts (spray treatment x 
^ 4 0 ^ 2 0 ^ -
When sub-plot means at the same level of main plot were 
compared, i t was revealed tha t the spray treatment NC-P2S2 
produced the heaviest seeds at both l eve l s , 
4 .2 .4 Seed yie ld 
Like a l l other y ie ld c h a r a c t e r i s t i c s , the basal treatment 
^(^0^40 P^^^®'^  b e t t e r with regard to seed yield a lso . I t gave 
23.0 per cent higher seed y ie ld than ^40^20 ("^a^^® ^^3), 
All the values given by the spray treatments ( sub-plots) 
differed c r i t i c a l l y from each o ther . Like pod and seed number, 
seed y ie ld was also enhanced with increasing amount of nitrogen 
T a b l e 1 3 . E f f e c t of N, P and S sp ray on mus t a rd v a r i e t y 
Varuna, grown a t two b a s a l l e v e l s of N and P , 
, on seed y i e l d ( k q / h a ) 
Spray t r e a t m e n t s 
( s u b - p l o t s ) 
B a s a l t r e a t m e n t s (main p l o t s ) 
Mean 
^^40^20 60 40 
^o^oSo 
^s^o^o 
^10^0^0 
^10^2^2 
^15^0^0 
^15^2^2 
^20^0^0 
N P '^  
20 2^2 
755 .000 
8 6 6 . 0 0 0 
9 3 4 . 6 6 6 
9 7 7 . 0 0 0 
1 0 7 3 . 3 3 3 
1150 .666 
1 1 8 4 . 3 3 3 
119 3 . 3 3 3 
1 2 5 6 . 6 6 6 
1082 .666 
1165 .666 
1211 .666 
1273 .333 
1331 .666 
1345.000 
1368 .333 
1371 .666 
1398 .333 
9 1 8 . 8 3 3 
1 0 1 5 . 8 3 3 
1073 .166 
1125 .166 
1202 .500 
1 2 4 7 . 8 3 3 
1 2 7 6 . 3 3 3 
1282 .500 
1327 .500 
lean 1 0 4 3 . 5 4 4 1283 .144 
N .B . A u n i f o i m b a s a l dose of 40 kg K„0/ha was added t o b o t h 
main p l o t s 
Main p l o t m a r g i n a l means 
S u b - p l o t m a r g i n a l means 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 
S u b - p l o t means a t t h e same l e v e l 
0 f main p l o t 
c .D. 
2 . 
3 . 
4, 
4, 
, at 
,022 
,322 
,766 
,700 
^% 
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in the spray, the effect being more pronounced when phosphorus 
and sulphur were also present . I t i s in te res t ing to note tha t 
the f o l i a r treatment N2QP2^2* ^^^^^^ ^^^ proved optimum for the 
o ther two c ha rac t e r i s t i c s noted above also gave maximum seed 
yield (44.5 per cent more than t h a t of the water-sprayed c o n t r o l ) . 
When the differences of main plot means (basal treatments) 
-at the .same level of sub-plot ( f o l i a r treatment) were considered, 
i t was observed, as in o ther yield c h a r a c t e r i s t i c s , t ha t a l l the 
spray treatments ( including water-sprayed control) gave s igni f icant 
higher values at the basal dose N^^P^^ as compared to t h e i r 
respect ive counterpar ts . 
Comparing the sub-plot means at the same level of main 
p lo t , i t was again found t h a t the spray treatment N2QP222 9^ ^® 
the maximum values at both basal l e v e l s . I t also emerged tha t 
the spray treatments were more ef fec t ive with lower basal dose 
in comparison with the higher basal dose. For example, whereas 
^\o^2^2 ^P^^y gave 66.4 per cent higher seed yield than NQPQSQ 
(cont ro l ) spray at basal N P^^., the same spray gave only 29,2 
per cent higher yield over the control at \QP^* 
4 .2 .5 Oil percentage 
Referring to Table 14, when the main plot means were 
compared for o i l percentage in the seed i t was noted tha t the 
basal dose ^^^Q^AQ 93^^ higher value, showing an increase of 
1.7 per cent over ^AQ^20* 
T a b l e 14 . E f f e c t of N, P and S s p r a y on mus t a rd v a r i e t y 
Varuna , grown a t tvjo b a s a l l e v e l s of N and P , 
on o i l p e r c e n t a g e 
B a s a l t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s A4ean 
( s u b - p l o t s ) j^ p ,^  p 
NQPQSQ 36 .950 38 .630 37 .790 
N^P^S^ 36 .350 37 .920 37 .135 
O 0 0 
N^P„So 38 .216 3 9 . 9 3 3 39 .075 
0 2 2 
N PQSQ 36 .000 3 7 . 0 0 0 36 .500 
NJ^QP^S^ 3 7 . 2 0 0 39 .500 38 .350 
N _ P „ S ^ 35 .500 3 6 . 3 0 0 35 .900 15 0 0 
^15'^':>^2 37 .000 3 9 . 4 0 0 38 .200 
N„„P„S^ 34 .000 35 .800 34 .900 20 0 0 
^20^2^2 36 .550 38 .900 37 .725 
Mean 36 .418 3 8 . 1 5 3 
N .B . A un i fo rm b a s a l d o s e of 40 kg K20/ha was added t o b o t h 
main p l o t s 
C D . a t 5% 
Main p l o t m a r g i n a l means 0 . 0 7 8 
S u b - p l o t m a r g i n a l means 0 . 1 2 3 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 0 . 1 7 7 
S u b - p l o t means a t t h e same l e v e l 
of main p l o t 0 . 1 7 4 
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With regard to sub-plot means, i t was noted t h a t the 
maximum oi l content was recorded for the spray treatment Np-PpSp. 
I t was 1.3 per cent more than tha t of the con t ro l . I t was fur ther 
observed tha t spray of various doses of ni trogen alone decreased 
o i l percentage l i n e a r l y . Thus N^Qgave the lowest value, showing 
4.2 per cent decrease compared to NgP2S2. I t was also observed 
tha t addition of phosphorus and sulphur at each level of spray 
nitrogen gave higher percentage of o i l than t h a t obtained v\dth 
the respective nitrogen spray alone. 
On comparing the main plot means at the same level of 
sub-plot, i t was noticed tha t a l l the spray treatments gave higher 
values with the basal treatment N,_P^^ as compared to N^^P^^. 
When the differences of sub-plot means at the same level 
of main plot treatment were taken in to account, i t was observed 
tha t the spray treatment NCP2S2 gave the maximum value at both 
the l e v e l s . On the o ther hand, the lowest values at both the 
l eve l s were recorded for spray treatment ^nn* 
4.2.6 Oil yield 
On comparing the mean values of main p lo t s in Table 15, 
i t was noted tha t , l i k e other a t t r i b u t e s , the higher basal level 
(N^QP40)Proved be t t e r , giving 29.0 per cent more o i l yield per 
hectare than the lower basal level (N4J-JP2Q). 
Similarly, o i l yield was also s ign i f i can t ly maximum in the 
spray treatment N2QP2S2 , with the lowest value being given by 
water-sprayed con t ro l . The difference between the two was 
43,9 per cent. 
Table 15. Effect of N, P and S spray on mustard variety 
Varuna, grown at two basal levels of N and P, 
on oil yield (kg/ha) 
Basal treatments (main plots) 
Spray treatments . Mean 
( s u b - p l o t s ) 3^ p ^ p 
NQPQSQ 2 7 8 . 9 6 6 4 1 8 . 2 3 3 348 .600 
^%-^0^0 314 .790 442 .020 378 .405 
N^ F^S^ 3 5 7 . 1 9 3 483 .450 420 .321 
^10^0^0 351 .716 4 7 1 . 1 3 3 411 .425 
NJ^QP^S^ 399 .280 5 2 6 . 0 0 3 4 6 2 . 6 4 1 
^ ' l5^0^0 ' 4 0 8 . 4 8 3 4 8 8 . 2 3 3 448 .358 
^15-^2^2 438 .200 5 3 9 . 1 2 0 488 .660 
^"^20^0^0 4 0 5 . 7 3 0 4 9 1 . 0 5 3 4 4 8 . 3 9 1 
^'^20^2^2 ' 459 .310 5 4 3 . 9 5 0 501 .630 
Mean 379 .296 4 8 9 . 2 4 4 
N . B . A uni form b a s a l d o s e of 40 kg K^O/ha was added t o b o t h 
main p l o t s 
C D . a t 5% 
Main p l o t m a r g i n a l means 0 , 8 2 8 
S u b - p l o t m a r g i n a l means 2 . 0 2 7 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 2 . 7 9 4 
S u h - p l o t means a t t h e same l e v e l 
of main p l o t 2 . 8 6 7 
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Ifilhen the main plot means at the same level of sub-plot 
were compared, i t was again noted tha t a l l the spray treatments 
gave higher values with the basal dose N^^P^^ compared to the 
other basal dose. 
Considering sub-plot means at the same level of main 
plot , i t was found tha t the spray treatment ^90^2^2 '5^'^^ '^^^ 
highest and the water-sprayed control , the lowest,^ o i l y ie ld , 
4 .2 ,7 Acid value 
When the values for main plot means were compared i t was 
revealed tha t the higher basal dose (^^50^49^ gave 5,8 per cent 
lower value compared to the basal dose N^ j^p^ P^Q (Table i6)« 
Among spray treatment means ( sub-p lo t s ) , the lowest acid 
value was recorded for the water-sprayed con t ro l . The maximum 
acid value was noted in the spray treatment N2QP2^2* ^^ich was 
at par with tha t in N .^P^Sp and ^20 ="^ '^  showed an increase of 
39,2 per cent over the control . 
Considering the main plot means at the same level of 
sub-plot , i t was observed tha t most of the spray treatments 
gave higher values with the lower basal dose. Most of the values 
given by the dif ferent combinations of spray x basal dose 
differed c r i t i c a l l y from t h e i r respect ive counterpar ts . 
On comparing the sub-plot means at the same level of main 
T a b l e 1 6 . E f f e c t of N, P and S s p r a y on mustard v a r i e t y 
Varuna, grown a t two b a s a l l e v e l s of N and P , 
on ac id v a l u e 
B a s a l t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s Mean 
( s u b - p l o t s ) fq p N^^P 40 20 60 40 
NQP S 3 .170 3 .285 3 .228 
N^P„S^ 3 .549 - 3 .336 3 .442 5 0 0 
^ • ^ 2 ^ 2 3 . 6 9 1 3 .506 3 .598 
N ^ Q P Q S Q 3 . 887 3 .839 3 . 8 6 3 
N ^ Q P ^ S ^ 4 . 1 8 5 3.229 3 .707 
^15^0^0 ^-^^^^ ^ - ^ ^ ^ ^ - ^ ^ ^ 
^^5^2 ^2 4 . 5 6 2 4 . 3 0 6 4 . 4 3 4 
N^QPQSQ 4 . 4 7 8 4 . 3 3 6 4 . ^ 0 7 
^20^2^2 4 . 5 6 2 4 . 4 2 4 4 . 4 9 3 
lean 4 . 0 5 7 3 .821 
N.B , A un i fo rm b a s a l d o s e of 40 kg K20/ha was added t o b o t h 
main p l o t s 
Main p l o t m a r g i n a l means 
S u b - p l o t m a r g i n a l means 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 
S u b - p l o t means a t t h e same l e v e l 
of main p l o t 
c .D. 
0 . 
0, 
0< 
0 . 
, at 
,044 
.099 
,137 
.140 
CLO/ 
O/o 
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plot , i t was observed tha t at the higher basal dose, spray 
treatments ^20^2^2' ^20 "^^ '^  ^15^2^2 ^^^® equally high values 
and at the lower basal l e v e l , N also proved at par, with the 
respective controls giving the lowest values . 
4 .2 .8 Iodine value_ 
On comparing the differences of main plot means in 
Table 17, i t was observed tha t the higher basal dose (N^„P-^) 
gave 0.4 per cent lovjer iodine value compared to NAQ^OO* 
Among spray t reatments , N2(-.P2S2 9^^® ^^^ lowest iodine 
value showing a decrease of 1.8. per cent compared to the 
water-sprayed control vMhich gave the highest value. 
Vifhen the values of main plot means at the same level of 
sub-plot were compared, i t vjas found tha t the value for the 
higher basal dose was s ignif icant ly lower for each individual 
spray treatment compared to the value given by i t s respective 
counterpart . 
On comparing the values of sub-plot means at the same 
level of main p lo t , i t was noted tha t the spray treatment !NL P^S^ 
gave the lowest values at both basal l e v e l s , whereas the highest 
values were noted in respective con t ro l s , 
4.2.9 Saponification yalue 
The basal treatment N ^ P 2 Q gave 0.6 per cent higher 
saponification value than treatment ^^Q^AQ (Table 18). 
T a b l e 1 7 . E f f e c t of N, P and S s p r a y on mus ta rd v a r i e t y 
Varuna , grown a t two b a s a l l e v e l s of N and P , 
on i o d i n e v a l u e 
B a s a l t r e a t m e n t s (ma in p l o t s ) 
Spray t r e a t m e n t s Mean 
( s u b - p l o t s ) j>j p N^^P 40 20 60 40 
NQPQSQ 9 8 . 7 4 7 9 8 . 3 4 3 9 8 . 5 4 5 
M^PQSQ 9 8 . 3 7 7 9 7 . 8 4 7 98 .112 
N^P^S^ 9 7 . 8 0 3 9 7 . 5 1 7 9 7 . 6 6 0 
^^10^0^0 9 8 . 1 0 7 9 7 . 4 4 0 9 7 . 7 7 3 
^10^2^2 9 7 . 8 2 3 9 7 . 3 1 0 9 7 . 5 6 7 
N ^ ^ P Q S Q 9 7 . 7 0 0 9 7 . 2 4 3 97 .472 
^15^2^2 9 7 . 4 0 7 9 6 . 9 9 0 9 7 . 1 9 8 
N^QPQSQ 9 7 . 4 3 3 9 7 . 0 6 7 9 7 . 2 5 0 
^"^20^2 ^ 2 9 6 . 8 8 3 9 6 . 6 5 3 9 6 . 7 6 8 
Mean 9 7 . 8 0 9 9 7 . 3 7 9 
N.B . A u n i f o r m b a s a l dose of 40 kg KpO/ha was added t o b o t h 
main p l o t s 
Main p l o t m a r g i n a l means 
S u b - p l o t m a r g i n a l means 
Alain p l o t means a t t h e same l e v e l 
of s u b - p l o t 
S u b - p l o t means a t t h e same l e v e l 
of main p l o t 
c .D, 
0, 
0 , 
0 . 
0 . 
. a t 5% 
.034 
.103 
.141 
,146 
T a b l e 1 8 , E f f e c t of N, P and S s p r a y on mus ta rd v a r i e t y 
Varuna , grown a t two b a s a l l e v e l s of N and P , 
on s a p o n i f i c a t i o n v a l u e 
B a s a l t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s , Mean 
( s u b - p l o t s ) M p M P 
^M0^20 ^60^40 
NQPQSQ 1 7 9 . 8 6 7 178 .510 179 .188 
N ^ P Q S Q 178 .970 177 .257 1 7 8 . 1 1 3 
N5P2S2 178 .610 1 7 6 . 7 3 7 1 7 7 . 6 7 3 
^lO'^O^O 17 6 .6 07 176 .640 1 7 6 . 6 2 3 
^io '^2^2 175 ,950 1 7 5 . 6 1 3 175 .782 
N ^ ^ P Q S Q 175 .920 174 .987 1 7 5 . 4 5 3 
^^15^2^2 175 .900 1 7 3 . 9 0 3 174 .902 
N^QPQSQ 1 7 5 . 1 3 3 174 .750 174 .942 
N2QP2S2 1 7 3 . 8 9 3 172 .907 1 7 3 , 4 0 0 
Mean 1 7 6 , 7 6 1 1 7 5 . 7 0 0 
N.B, A u n i f o r m b a s a l d o s e of 40 kg K^O/ha v^as added t o b o t h 
main p l o t s 
Main p l o t m a r g i n a l means 
S u b - p l o t m a r g i n a l means 
Main p l o t means a t t h e same l e v e l 
of s u b - p l o t 
S u b - p l o t means a t t h e same l e v e l 
of main p l o t 
c ,D. 
0. 
0, 
1. 
0 . 
, at 
.719 
,639 
.057 
.903 
5% 
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Among various sub-plot t reatments , the water-sprayed 
control gave s igni f icant highest value. However, the lowest value 
was observed in the spray treatment N2QP2S2 which gave 3.2 per cent 
lower value compared to water-sprayed cont ro l . 
When the values of main plot means at the same level of 
sub-plot were compared, i t was observed tha t each spray treatment 
gave higher value with the lower basal dose than i t s counterpart 
(spray x N^-^P^^), but several of these values were s t a t i s t i c a l l y 
equal to each o ther . 
On considering the values of sub-plot means at the same 
level of main p lo t , i t was noted that the spray treatment Np^P^S 
gave the lowest value at both basal l e v e l s . On the other hand, 
spray of water gave the highest value with each of the basal 
f e r t i l i s e r dose. 
4.3 Experiment 3 
The effect of four leve ls each of spray phosphorus and 
sulphur (2 , 4, 6 or 8 kg each of Po^^ a^ *^^  S/ha), applied in a l l 
possible combinations (sub-plot treatments), on yie ld and qual i ty 
cha rac t e r i s t i c s of mustard variety Varuna was studied in t h i s 
s p l i t - p l o t f ie ld experiment . to select the optimum combination. 
For comparison, a water-sprayed control was also included. The 
sprays were applied t o two basal levels of ni trogen and phosphorus, 
v iz . 40 kg N + 20 kg P^O^ and 60 kg N + 40 kg P205/ha (main plot 
.s7 -'^r.^,^^ 
. \ t • \ . 
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t reatments) to each of which a unifoim dose of 40 kg IC^O/ha was 
also added. 
Both main p lo t , as well as sub-plot , treatments influenced 
al l the yield and quali ty cha rac t e r i s t i c s s ign i f i can t ly , except 
h e c t o - l i t r e weight where the effect of main plot treatments was 
not found s ign i f i can t . The differences between two treatment 
means at the same level of sub-plot, as well as main p lo t , were 
also found s igni f icant in most of the cha r ac t e r i s t i c s s tudied. 
The data are b r ie f ly described below and are summarised in 
Tables 19-27. 
4• 3.1 Pod number per plant 
The basal treatment N^„P.„ produced the maximum number of 
60 40 
pods per p lan t . I t gave i i . 2 per cent increase in pod number as 
compared to the basal dose N,„P2Q (Table 19). 
The f o l i a r treatment PqS^ produced maximum number of pods 
per p lan t . I t differed c r i t i c a l l y from the res t of the spray 
t rea tments . I t gave an increase of 18,9 per cent over the 
water-sprayed con t ro l . 
liVhen the values of main plot means at the same level of 
sub-plot were compared, i t emerged tha t a l l the f o l i a r t reatments , 
including water-sprayed control , gave higher values with the 
basal treatment N ^ Q P ^ as compared to ^AQ^OO' ®*^ * ^^^ combination 
PgS^ X ^^Q^AQ gave a s igni f icant ly 14.9 per cent higher value in 
comparison with i t s counterpart, v i z . PQS^ X N ^ ^ P „ ^ . 
o Z 4U ZU 
T a b l e 1 9 . E f f e c t of P and S sp ray on mus ta rd v a r i e t y Varuna , 
grown a t two b a s a l l e v e l s of N and P , on pod number 
p e r p l a n t 
B a s a l t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s Mean 
( s u b - p l o t s ) "" M p M P 
'^40 20 60 40 
PQSQ 214 .866 2 5 4 . 1 3 3 2 3 4 . 5 0 0 
P2S2 2 3 1 . 9 3 3 2 6 1 . 6 0 0 2 4 6 . 7 6 6 
P ^ S . 2 4 0 . 0 6 6 2 6 7 . 6 6 6 2 5 3 . 8 6 6 
•c. 4 I 
P^S^ 2 4 3 . 6 0 0 2 7 1 . 0 6 6 2 5 7 . 3 3 3 
P2Sg 2 4 8 . 1 3 3 2 8 1 . 0 6 6 2 6 4 . 6 0 0 
P4S2 2 4 8 . 8 6 6 2 7 0 . 0 6 6 2 5 9 . 4 6 6 
P4S4 2 3 5 . 6 0 0 2 4 8 . 5 3 3 2 4 2 . 0 6 6 
P . S . 2 3 7 . 0 6 6 2 6 8 . 4 0 0 2 5 2 . 7 3 3 
4 6 
P^Sg 2 7 3 . 7 6 6 2 7 4 . 8 6 6 2 7 4 . 3 1 6 
PgS2 2 4 8 . 8 6 6 2 8 6 . 0 6 6 2 6 7 . 4 6 6 
P , S . 2 4 7 . 3 0 0 2 6 7 . 4 0 0 2 5 7 . 6 0 0 
D 4 
P . S . 2 2 8 . 1 3 3 2 5 8 . 6 6 6 2 4 3 . 4 0 0 
6 6 
P .S„ 2 3 4 . 8 6 6 2 7 1 . 3 3 3 2 5 3 . 1 0 0 
6 8 
PgS2 2 5 9 . 5 3 3 - 2 9 8 . 3 3 3 - 2 7 8 . 9 3 3 
P ^ S . 2 5 2 . 1 3 3 2 7 0 . 2 6 6 2 6 1 . 2 0 0 
8 4 
P „ S . 2 4 4 . 0 6 6 2 6 5 . 4 6 6 2 5 4 . 7 6 6 
8 6 
P„So 218 .466 2 5 2 . 0 6 6 2 3 5 . 2 6 6 
o o 
Mean 2 4 1 . 6 3 3 2 6 8 . 6 4 7 
N .B . A un i fo rm b a s a l dose of 40 kg K20/ha was added t o b o t h 
main p l o t s 
C.D. at 5 ^ 
Main p l o t m a r g i n a l means 1 .333 
S u b - p l o t m a r g i n a l means 3 .067 
Main p l o t means a t t h e same l e v e l of s u b - p l o t 4 . 3 5 7 
S u b - p l o t means a t t h e same l e v e l of main p l o t 4 . 3 3 7 
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On comparing the d i f ferent sub-plot means at the same 
level of main plot , i t was observed tha t , at the lower basal 
l eve l , spray treatment P.S„ gave the highest value. On the 
other hand with the higher basal l eve l , the spray treatment P0S2 
gave the highest value. 
4 .3 ,2 Seed number per pod 
As in case of pod number per plant , the higher basal 
treatment (N^o^40^ proved b e t t e r for seed number also (Table 20) . 
I t produced 5,5 per cent more seeds per pod than the lower basal 
dose {^^^20'^* 
Among t h e spray t rea tments , P^S2 proved be s t . I t gave 
the maximum number of seeds per pod, being 23.2 per cent more 
than in the water-sprayed control . I t was followed by the spray 
treatment PpSp which gave 20.8 per cent higher value as compared 
to the control . 
On comparing the values for main plot means at the same 
level of sub-plot , i t was noted tha t a l l the spray t reatments , 
including control , gave higher values with the basal treatment 
N^QP,Q as compared to t he treatment ^40^20* 
Considering the sub-plot means at the same level of main 
p lo t , i t was noticed t h a t , comparing with t h e i r respect ive 
con t ro l s , a l l t h e spray t reatments gave higher values and most 
of the values s ign i f ican t ly differed from each other . The spray 
Table 20 . Effect of P and S spray on mustard v a r i e t y Varuna, 
grown at two ba sa l l e v e l s of N and P, on seed number 
per pod 
Spray t r e a t m e n t s 
( s u b - p l o t s ) 
^0^0 
^2^2 
^ 2 ^ 4 
^2^6 
^2^8 
^4^2 
^ 4 ^ 4 
^4^6 
^4^8 
^6^2 
^ 6 ^ 4 
% % 
^6^8 
^8^2 
^8^4 
^8^6 
^8^8 
Mean 
B a s a l t r e a t m e n t s 
^^40^20 
11 .000 
1 1 . 8 6 6 
1 2 . 1 3 3 
12 .666 
1 3 . 3 3 3 
1 2 . 7 3 3 
1 1 . 7 3 3 
1 2 . 0 0 0 
1 2 . ^ 0 0 
1 3 . 5 3 3 
1 2 . 2 6 6 
1 1 . 4 6 6 
1 2 . 2 6 6 
1 2 . 8 0 0 
1 2 . 3 3 3 
1 2 . 2 0 0 • 
11 .333 
12 ,262 
(main p l o t s ) 
^^60^40 
1 1 . 7 3 3 
12 .200 
1 2 . 5 3 3 
1 3 . 3 3 3 
X W » ZJ y^\J 
13 .066 
1 2 . 0 0 0 
12 ,600 
14 .200 
14 .466 
13 .400 
1 1 . 8 6 6 
12 .600 
1 4 . 6 6 6 
13 .066 
1 2 . 8 6 6 
11 .866 
1 2 . 9 4 1 
Mean 
11 .366 
1 2 . 0 3 3 
1 2 . 3 3 3 
1 3 . 0 0 0 
1 3 . 4 3 3 
1 2 . 9 0 0 
1 1 . 8 6 6 
12 .300 
13 .500 
1 4 . 0 0 0 
1 2 . 8 3 3 
1 1 . 6 6 6 
1 2 . 4 3 3 
1 3 . 7 3 3 
12 .700 
1 2 . 5 3 3 
1 1 . 6 0 0 
N.B. A uniform basa l dose of 40 kg ICO/ha was added t o both 
main p l o t s 
C D . at 5% 
Main p lo t marginal means 0.160 
Sub-p lo t marginal means 0 .185 
Main p l o t means at t h e same l e v e l of sub -p lo t 0.289 
Sub-p lo t means at t h e same l e v e l of main p lo t 0.262 
Table 2 i . Effect of P and S spray on mustard v a r i e t y Varuna, 
grown at two basa l l e v e l s of N and P, on h e c t o - l i t r e 
weight (kg) 
Spray t r e a t m e n t s 
( s u b - p l o t s ) 
^0^0 
^2^2 
^2^4 
^2^6 
^2^8 
^A 
^ 4 ^ 4 • 
^ ^ 6 
^4^8 
^6^2 
^6^4 
P S 
*6 6 
^6^8 
^8^2 
^8^4 
^8^6 
^8^8 
Mean 
B a s a l t r e a t m e n t s 
N P 40 20 
6 5 . 5 0 0 
6 6 . 5 3 3 
6 5 . 1 6 6 
6 3 . 8 3 3 
6 6 . 0 0 0 
6 7 . 1 6 6 
6 6 . 0 0 0 
66 .166 
6 5 . 8 3 3 
67 .000 
6 6 . 6 3 3 
6 6 . 0 0 0 
6 6 . 0 0 0 
6 6 . 6 6 6 
6 5 . 8 3 3 
6 5 . 5 0 0 
6 4 . 8 3 3 
65 .909 
(main p l o t s ) 
^60^40 
6 4 . 8 3 3 
6 5 . 0 0 0 
66 .000 
6 6 . 5 0 0 
66 .500 
6 8 . 0 0 0 
6 5 . 3 3 3 
65 .560 
66 .000 
66 .666 
6 6 . 3 3 3 
6 5 . 6 6 6 
65 .500 
6 5 . 5 0 0 
6 5 . 3 3 3 
65 .500 
6 4 . 3 3 3 
6 5 . 8 2 3 
Mean 
6 5 . 1 6 6 
65 .766 
6 5 . 5 8 3 
6 5 . 1 6 6 
66 .250 
6 7 . 5 8 3 
6 5 . 6 6 6 
6 5 . 8 3 3 
65 .916 
6 6 . 8 3 3 
66 .386 
6 5 , 8 3 3 
6 5 . 7 5 0 
6 6 . 0 8 3 
6 5 . 5 8 3 
6 5 . 5 0 0 
6 4 . 8 3 3 
N.B. A uniform basa l dose of 40 kg iCO/ha was added t o both 
main p l o t s 
C.D. at 5^ 
Main p l o t marginal means N.S. 
Sub-p lo t marginal means 2.360 
Main p l o t means at t h e same l e v e l of s u b - p l o t , N .S . 
Sub-p lo t means at t h e same l e v e l of main p l o t 3.337 
T a b l e 2 2 . E f f e c t of P and S sp ray on m u s t a r d v a r i e t y Varuna , 
grown a t two b a s a l l e v e l s of N and P , on seed y i e l d 
( k g / h a ) 
Spray t r e a t m e n t s 
( s u b - p l o t s ) 
•^0^0 
^2^2 
P2S4 
^2^6 
P2S8 
P4S2 
P4S4 
^4^6 
''4S8 
^6^2 
^6^4 
t-eSe 
^6^8 
' '8S2 
P8S4 
^Bh 
P S 
Mean 
B a s a l t r e a t m e n t s 
^40^20 
705 .000 
7 7 0 . 6 6 6 
8 0 9 . 0 0 0 
8 3 5 , 0 0 0 
8 6 4 . 0 0 0 
8 6 1 . 0 0 0 
8 4 0 . 0 0 0 
8 6 1 . 0 0 0 
870 .000 
/ 8 7 5 . 0 0 0 ^ 
8 6 9 . 0 0 0 
8 1 8 . 3 3 3 
8 4 1 . 6 6 6 
' " 8 7 6 . 3 3 3 • 
8 7 3 . 3 3 3 
84D.000 
815 .000 
8 3 6 . 7 2 5 
(ma in p l o t s ) 
^60^40 
1036 .666 
1 1 3 8 . 3 3 3 
1173 .333 
1310 .000 
1340 .000 
1271 .666 
1161 .666 
1 2 3 1 . 6 6 6 
1270 ,000 • 
^ 1365 .000 
1 2 9 8 . 3 3 3 
1 1 0 0 . 0 0 0 
1 2 5 1 . 6 6 6 
<1406 .666 
X O i ^ 0 * >^^\5 
1 2 2 3 . 3 3 3 
1106 .666 
1 2 3 5 . 7 8 4 
Mean 
8 7 0 . 8 3 3 
9 5 4 . 5 0 0 
9 9 1 . 1 6 6 
1072 .500 
1102 .000 
1 0 6 6 . 3 3 3 
1000 .833 
1 0 4 6 . 3 3 3 
1070 .000 
1120 .000 
1083 .666 
959 .166 
1046 .666 
1141 .500 
1 0 9 8 . 3 3 3 
1031 .666 
9 6 0 . 8 3 3 
N . B . A un i fo rm b a s a l d o s e of 40 kg K^O/ha was added t o b o t h 
main p l o t s 
C.D. a t 5% 
Main p l o t m a r g i n a l means 
S u b - p l o t m a r g i n a l means 
Main p l o t means a t t h e same l e v e l of s u b - p l o t 
S u b - p l o t means a t t h e same l e v e l of main p l o t 
5 . 0 4 1 
3 . 0 6 1 
6 . 1 2 4 
4 . 3 2 9 
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VJhen sub-plot means at the same level of main plot were 
considered, i t was noted tha t at both leve ls a l l spray treatments 
gave s igni f icant ly higher values than t h e i r respect ive water-sprayed 
con t ro l s . Moreover, treatment PQS2 gave the highest values at 
both t he basal l eve l s , 
4 .3,5 Oil percentage 
When the main plot means were compared, i t was found tha t 
the basal dose N ^Pp„ gave the higher value as compared to the 
basal dose N,„P.-. but the decrease was only 0,6 per cent 
(Table 23), 
All spray treatments gave s igni f ican t ly higher values in 
comparison to the water-sprayed con t ro l . Among these t rea tments , 
P,S^ regis tered the highest o i l content in the seeds. However, 
i t was at par with 'P.S. and P^SQ, The increase over control due 
^ 4 4 5 8 
to P '^S^ spray was 4.8 per cent . The spray treatment PoS2»which was 
noted optimum for pods per plant and seed y ie ld , increased the o i l 
percentage by 3.5 per cent as compared to the cont ro l . 
When the values for main plot means at the same level of 
sub-plot were compared, no de f in i t e trend was observed. 
On comparing the values for sub-plot means at the same 
level of main plot , i t was observed t h a t a l l the spray treatments 
at both basal doses gave higher values as compared to t h e i r 
respect ive cont ro ls . The spray treatment P^S. gave the highest 
Table 2 3 . Effect of P end S spray on mustard v a r i e t y Varuna, 
grown at two basa l l e v e l s of N and P, on o i l 
percentage 
Basal t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s Mean 
( s u b - p l o t s ) 
^0^0 
^2^2 
^2^4 
^2^6 
^2^8 
P4S2 
V6 
^4^8 
^6^2 
^6^4 
^8^2 
^8^4 
^8^6 
^8^8 
Mean 39.362 38.722 
N.B. A uniform basa l dose of 40 kg K^O/ha was added t o both 
main p l o t s 
C.D. a t 5^ 
Main p lo t marginal means 0.085 
Sub-plot marginal means ' 0.158 
Main p lo t means at t h e same l e v e l of sub^-plot 0.229 
Sub-p lo t means at t he same l e v e l of main p lo t 0 .224 
^40^20 
34.660 
37.533 
39.176 
40.686 
40.850 
39.153 
41.143 
40.126 
39.776 
38.720 
38.990 
40.170 
40.056 
39.650 
39.950 
39.163 
39.360 
^60^40 
36.110 
38.750 
39.940 
38.850 
38.000 
38.500 
39.076 
38.250 
37.993 
38.000 
38.650 
40,200 
40.040 
38.076 
38.450 
39.950 
39.450 
35.385 
38.141 
39.558 
39.768 
39.425 
38.826 
40.110 
39.188 
38.885 
38.360 
38.820 
40.185 
40.048 
38.863 
39.200 
39.556 
39.405 
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value with the basal dose ^4n'^20' whereas, the spray treatment 
P^S. did so with the basal dose N^^P^ and gave the highest o i l 
content in comparison with other spray treatments at t h i s basal 
l e v e l . 
4.3.6 Oil yield 
The basal dose N^QP^^ proved b e t t e r for o i l y ie ld a lso , 
giving 45.0 per cent more o i l y ie ld compared to the basal dose 
^40^20 (Table 24) . 
Like pod number per plant and seed y ie ld , o i l yield was 
also found to be maximum with the spray treatment PgS^ • This 
treatment produced 42.7 per cent more o i l as compared to the 
water-sprayed control which gave the lowest value. 
Comparison of main plot means at the same level of sub-plot 
revealed tha t each spray treatment, including the cont ro l , gave 
a higher value with the basal treatment ^50^40 '^^^^ with ^AQ^OQ* 
When the values for sub-plot means at t he same level of 
main plot were compared, i t was observed tha t a l l the spray 
treatments gave higher values at bsiJith basal leve ls as compared to 
t h e i r respect ive controls . The spray treatment Po^fi gave the 
highest value with t he basal dose ^AQ^OQ* whereas PoS^ proved 
best with the basal treatment ^^Q^AQ* 
Table 24 . Effect of P and S spray on mustard v a r i e t y Varuna, 
grovJn at tvjo basa l l e v e l s of N and P, on o i l y i e l d 
(kg/ha) 
Spray t r e a t m e n t s 
( s u b - p l o t s ) 
^0^0 
^2^2 
^ 2 ^ 4 
^2^6 
^2^8 
^4^2 
P4S4 
^4^6 
^4^8 
^6^2 
^6^4 
^6^6 
hh 
^8^2 
^8^4 
^8^6 
^8^8 
Mean 
B a s a l t r e a t m e n t s 
^40^20 
2 4 4 . 3 4 0 
2 8 9 . 2 5 0 
316 .936 
3 3 9 . 7 3 3 
352 .936 
3 3 7 . 1 3 3 
345 .606 
345 .490 
3 4 6 . 0 5 3 
338 .796 
338 .820 
328 .750 
337 .140 
347 .456 
348 .896 
328 .970 
320 .780 
329 .827 
(main p l o t s ) 
^60^40 
3 7 4 . 3 3 3 
4 4 1 . 1 0 3 
4 6 8 . 6 2 3 
508 .930 
5 0 9 . 1 9 3 
489 .586 
453 .933 
471 .106 
482 .510 
518 .696 
5 0 1 . 8 0 3 
4 4 2 . 2 0 3 
501 .160 
5 3 5 . 6 0 6 
5 0 8 . 8 2 0 
4 8 8 . 7 1 6 
4 3 6 . 5 8 0 
478 .406 
Mean 
309 .366 
365 .176 
392 .780 
4 2 4 . 3 3 1 
431 .065 
4 1 3 , 3 5 0 
399 .770 
4 0 8 . 2 9 8 
4 1 4 . 2 8 1 
428 .746 
4 2 0 . 3 1 1 
385 .476 
4 1 9 . 1 5 0 
4 4 1 . 5 3 1 
4 2 8 . 8 5 8 
4 0 8 . 8 4 3 
378 .680 
N.B. A uniform basa l dose of 40 kg ICO/ha was added t o both 
main p l o t s 
o . u . at 0/0 
Main p lo t marginal means 1,704 
Sub-p lo t marginal means * 2 ,015 
Main p lo t means at the same l eve l of sub -p lo t 3.127 
Sub-p lo t means a t t h e same leve l of main p l o t 2 .850 
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4.3.7 Acid value 
On comparing the main plot means, i t was revealed tha t 
the re was no s ignif icant difference in the values (Table 25) 
Of the spray t reatments , PgSp gave the lowest (most 
favourable) acid value which was 14.9 per cent less compared to 
the control but was at par with the value given by the treatment 
^6^2* '^^^ highest acid value was recorded in the treatment P^Sp. 
On considering the values of main plot means at the 
dame level of sub-plot , no de f in i t e trend was recorded. 
Taking sub-plot means at the same level of main plot into 
considerat ion, i t was revealed t h a t the spray treatment PpSptgave 
the lowest, and PoSg the highest , acid value at both basal l e v e l s , 
4 .3 .8 Iodine value 
When main plot means were compared (Table 26) , i t was noted 
tha t the basal dose N^QP^Q gave s igni f icant ly lower iodine value 
(0 .5 per cent less ) than the lower basal dose (^40^20^* 
With regard to sub-plot means (spray t rea tments ) , i t was 
noted tha t the lowest iodine value was given by the spray treatment 
PnSg, Whereas, the maximum iodine value was noted in the 
water-sprayed control . I t was 2,2 per cent l e s s in PoS^ and 
o o 
1,4 per cent less in PoS^ , as compared to the control. 
Table 25 . Effect of P and S spray on mustard v a r i e t y Varuna, 
grown at two basa l l e v e l s of N and P, on acid value 
Spray 
( sub 
^0^0 
P2S2 
^ 2 ^ 4 
P^Sg 
^2^8 
^4^2 
^4^4 
^4^6 
^4^8 
^6^2 
^6^4 
^6^6 
^6^8 
^8^2 
^8^4 
^8^6 
^8^8 
Mean 
t rea t iTients 
- pi o t s ) 
B a s a l t r e a t m e n t s 
^40^20 
3 ,504 
3 .605 
3 .986 
4 , 1 0 6 
4 .502 
3.199 
3 . 4 1 8 
3 .986 
4 . 4 0 2 
3 .019 
3 .587 
4 .042 
4 .129 
2 . 9 3 0 
3 . 5 0 4 
3 . 5 7 1 
4 . 0 4 2 
3 .737 
(main p l o t s ) 
^60^40 
3.586,' 
3 .840 
3 .986 
4 . 2 4 1 
4 . 4 1 4 
3 . 6 9 4 
3 .807 
3 . 9 6 3 
4 . 2 3 0 
3 .170 
3 .408 
3 , 6 7 3 
3 . 9 8 4 
3 .102 
3 .170 
3 . 4 1 1 
3.472 
3 .715 
Mean 
3 .545 
3 .722 
3 .986 
4 . 1 7 4 
4 .458 
3 .446 
3 . 6 1 3 
3 . 9 7 4 
4 . 3 1 6 
3 .095 
3 .497 
3 .858 
4 . 0 5 6 
3 .016 
3 .337 
3 . 4 9 1 
3 .357 
N,B. A unifoirn basa l dose of 40 kg K20/ha was added t o both 
msin p l o t s 
C D . at 5% 
Main p l o t marginal means N .S , 
Sub-p lo t marginal means 0.087 
Main p l o t mean at t h e sane l eve l of sub-p lo t 0.136 
Sub-p lo t means at t h e same l eve l of main p l o t 0 .123 
Table 26 . Effect of P and S spray on mustard v a r i e t y Varuna, 
grown at two ba sa l l e v e l s of N and P, on i o d i n e value 
Basal t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s Mean 
( s u b - p l o t s ) 
PQSO 
P2S4 
P S 
P4S4 
P4S6 
•^438 
P6S4 
^6^8 
•''8^2 
^"8^4 
^8^8 
Mean 97.663 97.213 
N.B. A uniform basa l dose of 40 kg ICO/ha was added t o both 
main p l o t s 
C D . at 5% 
Main p l o t marginal means 0 .045 
Sub-plot marginal means 0.095 
Main p l o t means at t h e same l e v e l of sub -p lo t 0.136 
Sub-plot means at t h e same l eve l of main p l o t 0.134 
N P 40*^ 20 
98.787 
98.357 
98.297 
98.087 
97.833 
97.983 
97.413 
97.207 
97.227 
97.727 
97.777 
97.447 
97.860 
97.383 
97.013 
96.987 
96.890 
^60^0 
98.313 
98.193 
97.820 
97.833 
97.283 
97.777 
97.327 
96.380 
96.910 
97.513 
97.413 
96.953 
96.737 
96.953 
96.530 
96.273 
95.920 
98.550 
98.275 
98.058 
97.960 
97.558 
97.880 
97.370 
97.043 
97.068 
97*620 
97.595 
97.200 
97.298 
97.168 
96.772 
96.630 
96.405 
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Considering the main plot means at the same level of 
sub-plot , i t was found tha t most of the spray t rea tments - gave 
s ign i f ican t ly lower values with N^^QP^Q compared to the respect ive 
values with N.^P^_,, 
V/hen the sub-plot means at the same level of main plot 
were considered, i t was noted t h a t the spray treatment PQSO gave 
the lowest value at both basal doses, whereas the respect ive 
water-sprayed control gave the maximum iodine value. 
4,3.9 Saponification value 
Comparing main plot means (Table 27), i t was observed 
t h a t the higher basal dose (N^QP4Q) gave 0.3 per cent lower 
saponif icat ion value than t h e lower basal dose. 
Among spray t reatments , the water-sprayed control gave the 
highest saponification value, whereas the spray treatment PQSO 
o o 
gave the lowest value. 
When the main plot means at the same level of sub-plot were 
compared, i t was found tha t most of the spray treatments gave 
higher values with the basal dose ^^Q^20 compared to N,„P . 
On considering the sub-plot means at the same level of 
main p lo t , i t was noted tha t the water-sprayed control gave the 
highest value at each basal level and PoSg, the lowest value. 
T a b l e 2 7 , E f f e c t of P and S sp ray on mus t a rd v a r i e t y Varuna , 
grown a t two b a s a l l e v e l s of N and P, on s a p o n i f i c a -
t i o n v a l u e 
B a s a l t r e a t m e n t s (main p l o t s ) 
Spray t r e a t m e n t s , Mean 
( s u b = p l o t s ) N P 
^^ 40 20 
181.427 
179.580 
179.503 
178.283 
177.367 
178.613 
178.110 
177.850 
177,623 
176.847 
176.183 
175.473 
174.950 
174.763 
174.180 
172.927 
172.933 
^60^0 
180.093 
179,553 
179.370 
179.330 
178.873 
178.243 
177.967 
177.733 
176,980 
176,027 
175.920 
174.383 
173.957 
173.070 
172.937 
172.767 
171.093 
180.760 
179.567 
179.437 
178.807 
178.120 
178.428 
178.038 
177.792 
177.302 
176.437 
176.052 
176.928 
174,453 
173.917 
173,558 
172.847 
172.418 
^0^0 
^2^2 
P2S4 
^2^6 
^2^8 
P4S2 
P4S4 
^4^8 
^6^2 
^6^4 
^6^6 
^6^8 
^8^2 
^8^4 
^8^6 
^8^8 
Mean 1 7 6 . 8 6 0 176 .418 
N .B . A un i fo rm b a s a l d o s e of 40 kg K20/ha was added t o b o t h 
main p l o t s 
C D . a t 5 ^ 
Main p l o t m a r g i n a l means 0 , 0 4 9 
S u b - p l o t m a r g i n a l means 0 . 1 1 0 
Main p l o t means at t h e same l e v e l of s u b - p l o t 0 . 1 5 7 
S u b - p l o t means a t t h e same l e v e l of main p l o t 0 . 1 5 6 
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4• 4 Experiment 4 
In t h i s simple randomised f i e l d experiment , t h e e f fec t 
of t e n t r e a t m e n t s was s tudied on y i e l d and q u a l i t y c h a r a c t e r s of 
mustard v a r i e t y Varuna. The t r e a t m e n t s inc luded basa l + 
t o p - d r e s s i n g of n i t r o g e n (90 + 20, 60 + 30, 45 + 45 kg N/ha) as 
well as spray t r ea tment (20 kg N/ha) of n i t r o g e n with and wi thout 
phosphorus and su lphur (8 kg Po^s + 2. kg S/ha) at each basa l l e v e l , 
with one water-sprayed con t ro l (90 kg N/ha as b a s a l ) . The aim 
of t h e experiment was t o compare t h e e f f icacy of supplemental 
f o l i a r app l i c a t i on with t o p - d r e s s i n g and t o s e l e c t t h e i r optimum 
combination with basa l n i t r o g e n . The scheme of t r e a t m e n t s has 
a l ready been given in Table 5 . I t was found t h a t a l l y i e l d and 
q u a l i t y parameters were affected s i g n i f i c a n t l y by t h e t r e a t m e n t s . 
The r e s u l t s are summarised in Table 28 and are b r i e f l y given 
below: 
4 , 4 . 1 Pod number p e r p l a n t 
Maximum number of pods per p l a n t was noted in T„ where 
9 
60 kg N/ha ( b a s a l ) was supplemented vdth spray of NPS (20 kg N + 
8 kg P2'^ '=)'*" ^ ^^"3 S /ha ) . The lowest pod number was given by T. 
(45 kg N as basal + t h e same dose given as t o p - d r e s s i n g ) . The 
i o c r e a s e due to T over T. was 40.6 per cent and over T, ( p l a n t s 
r ece iv ing 90 kg N/ha as basa l and sprayed with w a t e r ) , i t was 
2 3 . 3 pe r c e n t . Treatment Tg was followed by T, (60 kg N as basa l 
and 20 kg N/ha as spray) and T^ (60 kg N/ha as basa l and 30 kg N/ha 
as t o p - d r e s s i n g ) . 
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4 . 4 . 2 Seed number per pod 
Seed number per pod was a l so maximuTn i n ! _ . Hov^ever, t h e 
va lue was equal t o t h o s e of Tg (90 kg N/ha as ba sa l and spray 
of NPS), Tg, T^ and T ^ (45 kg N/ha appl ied as ba sa l and spray 
of NPS). The lowest va lue was obta ined vath T^ (45 kg N/ha as 
ba sa l and 20 kg N/ha as f o l i a r ) . The i n c r e a s e due t o TQ over T_, 
was 9 .7 per cent and over T . , 3 .0 per cen t . 
4 . 4 . 3 H e c t o - l i t r e weight 
The maximum seed weight was recorded in t r ea tmen t T , ^ . 
10 
The value given by this treatment was followed by T^ and T-,, 
The increase due to T ^ ^ over T_ and T_ v;as only about 0.6 per cent 
while the increase due to this treatment 1^ ,^ ) over T, was 1.4 
per cent. 
4 . 4 . 4 Seed y i e l d 
Like pod number per p lan t and seed number per pod, t h e 
seed y i e l d was a l so maximum i n t h e t r ea tmen t Tg. I t was followed 
by t h e t r e a tmen t s T , T^and Tg. However, T gave 6 . 2 , 8.8 and 
iO.2 per cent more seed y i e l d than t h e s e t r e a t m e n t s r e s p e c t i v e l y . 
The t r ea tmen t T^ gave 16.8 per cent more seed y i e l d as compared 
t o T^ ( c rop r ece iv ing 90 kg N/ha as ba sa l and 20 kg N/ha as 
t o p - d r e s s i n g ) which gave t h e lowest va lue . The t r ea tmen t Tp was 
equal led by T^. The increase(;;;;3ueto)TQ over T, was 14.3 per c e n t . 
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4.4.5 Oil percentage 
The maximum o i l content in seeds was also noted in the 
treatment T v /^hich was, however, at par with T. , T ^^  and T . 
The treatment T^ gave 2.8 per cent higher o i l percentage than 
T (p lants receiving 90 kg N/ha as basal and 20 kg N/ha as 
fo l i a r spray) which gave the lowest value. 
4 .4 .6 Oil yield 
Like other yield characteristics, the computed oil yield 
was also found to be maximum in the treatment T which was 
9 
followed by T.^ amd T^ and gave 5,9 and 10.3 per cent more o i l 
y ie ld over these treatments respec t ive ly . The treatment T^ was 
equalled by T^. More or l e s s same values were noted in treatments 
T, , Tp and T^, The treatment T_ produced 13,1 per cent more o i l 
than T. and 26,S per cent more than T^ - which gave the lowest value, 
4 .4 .7 Acid value 
The lowest acid value was given by the treatment T , being 
16.7 per cent less as compared with T which was equalled by T^ 
and gave the maximum value. However, the values given by the res t 
of the treatments did not c r i t i c a l l y d i f fe r from each other . I t 
may be noted here tha t the treatment Tg also gave the lower value 
in comparison with most of t he t rea tments , 
4 ,4 ,8 . Iodine value 
The treatment T^, T^ and Tg, being equal, gave the lowest 
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iodine value. The treatment Tg gave 1.2 per cent lower iodine 
value compared with T. which was equalled by T^ and gave the 
maximum value. Other t reatments , including T^, gave moderate 
V al u e s. 
4.4.9 Saponification value 
With regard to t h i s qual i ty a t t r i b u t e , t reatment T^ gave 
the maximum value. I t was 2.9 per cent more than treatment T^  
o 
which gave the lowest value. Treatment T^ was followed by T^ 
which was at par with T, . The values given by treatments T^  
and Tg were at par, 
4- 5 Experiment 5 
In t h i s field t r i a l , the response of ten mustard v a r i e t i e s 
( in re la t ion to yield and qual i ty) to the best combination of 
spray (20 kg N + 8 kg P2O5 + 2 kg S/ha) and basal nu t r i en t s 
(60 kg N + 40 kg P2O5 + 40 kg ICO/ha), selected on the basis 
of data of Experiment 4, was studied in a simple randomised 
block design. The v a r i e t i e s included: Appressed Mutant, Pusa 
Kisan, Pusa Kranti , R.75-2, RIK-3, RL-i8, RS-3, T- i i , T-16 and 
Varuna. 
All va r i e t i e s showed s igni f icant differences in re la t ion to 
a l l parameters studied. Var ie t ies R,75-2, RL-18, RS-3 and Varuna 
proved b e t t e r for most of the yield c h a r a c t e r i s t i c s , pa r t i cu la r ly 
seed and o i l y ie ld . The data are described below and are 
summarised in Table 29. 
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4 .5 .1 Pod number per plant 
Maximum number of pods per plant was noted in R,75-2. 
Var ie t ies Varuna and RL-i8, being at par, were next to R,75-2, 
and were followed by RS-3, Pusa Kranti and T-16. Variety R.75-.2, 
produced 38.8 per cent more pods per plant than RIK-3 whose 
performance was poorest^being at par with Pusa Kisan. 
4 .5 .2 Seed number per pod 
Varie t ies Varuna, R,75-2, and RL-18, being at par, 
produced maximum number of seeds per pod. Similar ly , the 
differences among RL-iS, RIK-S, and RS-3 were not found c r i t i c a l . 
Variety Varuna gave 14.9 per cent more seeds per pod than 
Pusa Kisan which gave the lowest value. 
4 .5 .3 Hecto- l i t re weight 
Hecto- l i t re weight was noted maximum in Appressed 
Mutant followed closely by Varuna, Pusa Kisan and RL-i8. Appressed 
Mutant gave 2.7 per cent heavier seeds in comparison with T- l i 
which was poorest in h e c t o - l i t r e weight. 
4 . 5 . 4 Seed yie ld 
Variet ies R.75-2 and Varuna, being at par, were 
superior to the res t of the v a r i e t i e s with regard t o seed 
y i e l d . The value given by Varuna did not s ign i f ican t ly d i f fe r 
from tha t of RL-i8, The differences in seed yie ld obtained in 
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other v a r i e t i e s were not marked. Var ie t ies R,75-2 and Varuna 
regis tered 22.3 and 19.2 per cent more seed yield respect ively 
as compared to tha t of Pusa Kisan (equalled by RIK-3) which 
gave the lowest seed y ie ld . 
4 .5 .5 Oil percentage 
Variety RS-3 possessed maximum oi l content. Var ie t ies 
Varuna T- i i , T-i6, PL-18 and RIK-3, being s t a t i s t i c a l l y equal, 
were next to RS-3. The perfoimance of other v a r i e t i e s was more 
or l e s s equal to each o ther . However, RS-3 had 4.0 per cent 
more o i l content than Appressed Mutant which had the lowest 
value. 
4.5.6 Oil yield 
Maximum oi l yield v a^s recorded in Varuna ( and RS-3, RL-i8 
and R.75-2 which were at par with i t ) . Similarly, T-16, T-li and 
Pusa Kranti were also at par with each other and were found 
next to R.75-2. Variety Varuna regis tered 27.2 per cent more 
o i l y ie ld compared with Pusa Kisan (equalled by Appressed Mutant) 
which gave the lowest o i l y i e l d . 
4 .5 .7 Acid value 
There was no marked difference in acid value of most of 
the v a r i e t i e s . However, Pusa Kranti regis tered the lowest acid 
value which was equal to tha t of T - l i . On the other hand, 
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Pusa Kisan gave maximum acid value and showed 98,2 per cent 
increase over Pusa Kranti . Rest of the va r i e t i e s occupied 
intermediate posi t ion. 
4 .5 .8 Iodine value 
Like acid value, the v a r i e t i e s did not exhibit marked 
differences in t h e i r iodine values, Pusa Kranti , RS-3, Varuna 
and RL-18, being s t a t i s t i c a l l y equal, regis tered lowest value, 
whereas RIK-3 gave the highest iodine value which was 1,0 per cent 
more in comparison with Pusa Krant i , 
4.5.9 Saponification value 
Signif icant maximum saponif icat ion value was noted in 
Pusa Krant i . On the other hand, RIK-3, and Varuna (being equal 
in t h e i r perfoimance) gave s ign i f ican t lowest Values, The 
increase in Pusa Kranti over these v a r i e t i e s was about 4,4 per cent 
This var ie ty (Pusa Kranti) was followed by RL-iS which did not 
show s ignif icant difference from R,75-2, 
4,6 Experiment 6 
The l a s t f ie ld t r i a l was la id out to study the response of 
six b e t t e r performing v a r i e t i e s of mustard selected on the basis 
of Experiment 1, namely Appressed Jvtitant, R,75-2, RL-18, T-11, 
T-16 and Varuna, to the same uniform dose of f o l i a r ni trogen, 
phosphorus and sulphur as applied ih Experiment 5, (20 kg N, 
8 kg P^O^and 2 kg S/ha) undef two basal regimes of ni trogen and 
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phosphorus (40 kg N + 20 kg P^O^ and 60 kg N + 40 kg P^O^/ha) 
and a uniform dose of 40 kg K20/ha according to s p l i t - p l o t 
design. Thus,the basal doses N4QP20 "^^ ^ '^60'^40 ^^'^^^ receiving 
the same f o l i a r tratment) were al loted to main plots and the 
v a r i e t i e s were assigned to sub-plots . 
The effects of main plot and sub-plot t reatments and of 
t h e i r i n t e rac t ions were found s ignif icant for most of t he 
c h a r a c t e r i s t i c s . The data are summarised in Tables 30-38 and 
are described br ie f ly belov^/: 
4 .6 .1 Pod number per plant 
When marginal means of main plots were compared, i t was 
found t h a t the basal dose N ^ Q P ^ gave higher number of pods per 
plant ( 50.4 per cent more) in comparison with the lower basal 
dose (N,QP2Q)receiving the same spray treatment (Table 30), 
With regard to sub-plot marginal means ( v a r i e t i e s ) i t 
was found tha t var ie ty R,75~2 gave maximum number of pods per 
plant but the value did not c r i t i c a l l y d i f fe r from those of 
Varuna and T-i6. On the other hand, var iety Appressed Mutant 
produced s ignif icant ly lowest number of pods per plant . The 
increase noted in R.75-2 was 29,7 per cent in comparison with 
Appressed Mutant, 
Considering main plot means at the same level of sub-plot , 
i t was found tha t a l l the v a r i e t i e s gave higher values with basal 
Table 30. Comparative response of s ix mustard v a r i e t i e s to leaf-
applied N, P and S at two ba sa l doses of N and P in 
r e l a t i o n t o pod number per p l a n t 
V a r i e t i e s 
( s u b - p l o t s 
Appressed 
R.75-2 
RL-i8 
T - i i 
T - i 6 
Varuna 
Mean 
0 
Mutant 
B a s a l t r e a t m e n t s 
^40^20 
2 4 3 . 0 0 0 
2 5 1 . 0 0 0 
2 3 4 . 0 0 0 
2 8 5 . 6 6 6 
2 8 5 . 0 0 0 
2 7 8 . 0 0 0 
2 6 2 . 7 7 7 
(main p l o t s ) 
^60^40 
303 .000 
4 5 7 . 0 0 0 
4 2 2 . 0 0 0 
3 7 6 . 0 0 0 
3 9 4 . 0 0 0 
4 1 9 . 0 0 0 
395 .166 
Mean 
2 7 3 . 0 0 0 
3 5 4 . 0 0 0 
328 .000 
330 .833 
339 .500 
348 .500 
N.B. A basa l dose of 40 kg ICO/ha as wel l as spray dose of 
20 kg N + 8 kg P2O5 + 2 kg S/ha v^as appl ied uniformly t o 
both main p l o t s 
C.D. at 5^ 
Main p lo t marginal means 17.411 
Sub-p lo t marginal means 14.539 
Main p lo t means at t h e same l e v e l of sub -p lo t 24.259 
Sub-plo t means at t h e same l eve l of main p l o t 20.562 
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level N^„P,^ in comparison with t h e i r respect ive counterparts . 
Here, i t was also noted tha t in te rac t ion R.75-2 x ^^npAn gave 
82.1 per cent more pods than i t s counter par t , i . e . R,75-2 x 
^40^20* 
The comparison of sub-plot means at the same level of 
main plot showed tha t T - i i , T-i6 and Varuna, being s t a t i s t i c a l l y 
equal, gave s ign i f ican t ly higher values compared with other 
va r i e t i e s at the lower basal level (N P ), whereas variety 
R,75-2 gave s ign i f ican t ly maximum value with basal dose N^^P.^. 
5U 40 
V/ith regard to other v a r i e t i e s , RL-18 and Varuna occupied second 
and t h i r d posit ion respect ively , while Appressed Mutant showed 
the poorest performance. 
4.6.2 Seed number per pod 
On considering the main plot marginal means, i t was 
revealed tha t the higher basal dose (N^^P^^) produced s i g n i f i -
cantly more seeds (5 .1 per cent) in comparison with N^QP^^., 
the lower basal dose (Table 31). 
With regard to va r i e t a l differences (sub-plot marginal 
means), i t was found tha t v a r i e t i e s RL-18, Varuna and T-11, 
being at par, gave higher seed number in comparison with T-i6 
which gave the lowest value. 
When main plot means at the same level of sub-plot were 
compared, i t was noted tha t a l l t he va r i e t i e s gave higher values 
T a b l e 3 1 . C o m p a r a t i v e r e s p o n s e of s i x m u s t a r d v a r i e t i e s t o l ea f -
a p p l i e d N, P and S a t two b a s a l d o s e s of N and P . i n 
r e l a t i o n t o seed number p e r pod 
B a s a l t r e a t m e n t s (ma in p l o t s ) 
V a r i e t i e s Mean 
( s u b - p l o t s ) 
^40^20 ^60^40 
Appressed Mutant 11 .400 1 2 . 6 0 0 12 ,000 
R.75-2 1 1 . 6 0 0 1 2 . 3 3 3 11 .966 
RL-18 12 .066 1 2 . 6 0 0 1 2 . 3 3 3 
T-11 1 2 . 0 0 0 - 1 2 . 2 0 0 12 .100 
T-.16 11 .600 1 2 . 0 0 0 1 1 . 3 0 0 
Varuna 12 .000 1 2 . 6 0 0 1 2 . 3 0 0 
Mean 11 .777 1 2 . 3 8 3 
N.B . A b a s a l dose of 40 kg K20/ha as w e l l as s p r a y d o s e of 
20 kg N + 8 kg P2O5 + 2 kg S /ha was a p p l i e d u n i f o r m l y t o 
b o t h main p l o t s 
C.D. a t 5 ^ 
Main p l o t m a r g i n a l means 0 .172 
S u b - p l o t m a r g i n a l means 0 . 2 5 5 
Main p l o t means a t t h e same l e v e l of s u b - p l o t 0 . 3 6 1 
S u b - p l o t means a t t h e same l e v e l of main p l o t 0 . 3 6 0 
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with t he higher basal dose, i . e . ^(LQ^AQ compared with t h e i r 
respect ive counterparts . 
Comparison of sub-plot means at the same level of main 
plot showed tha t RL-18, T- i i and Varuna, which were at par, 
gave s igni f icant ly higher values over the other v a r i e t i e s at 
the basal dose ^AQ^^Q* ^''^ '^^^ other hand, Appressed Mutant, 
R.75-2, RL-18 and Varuna, also being equal, gave higher values 
over T-11 and T-i6 at the basal level N, -P ,^ , 
60 40 
4 .6 .3 Hec to- l i t r e weight 
There was no s igni f icant difference in main plot marginal 
means (Table 32), 
When sub-plot marginal means were compared, i t was found 
tha t difference among the v a r i e t i e s for h e c t o - l i t r e weight was 
not conspicuous. However, R.75-2, Appressed Mutant, Varuna 
and T-i6, being at par, produced s l igh t ly heavier seeds. 
The comparison of main plot means at the same level of 
sub-plot and sub-plot means at the same level of main plot 
revealed tha t t he r e were no s igni f icant differences among the 
values given by different i n t e r a c t i o n s . 
4 .6 .4 Seed yield 
Like pod number per plant and seed number per pod, seed 
y ie ld was also noted higher in main plot receiving basal dose 
Table 32. Comparative response of s ix mustard v a r i e t i e s t o leaf-
applied N, P and S at two b a s a l doses of N and P in 
r e l a t i o n t o h e c t o - l i t r e weight (kg) .^  
V a r i e t i e s 
( s u b - p l o t s 
Appressed 
R .75 -2 
RL- i8 
T - i i 
T-16 
Varuna 
Mean 
0 
Mutant 
B a s a l t r e a t m e n t s 
^40^20 
6 8 . 6 0 0 
69 .000 
68*000 
68 .000 
6 8 . 6 0 0 
6 8 , 6 0 0 
68 .466 
(main p l o t s ) 
^60^40 
6 8 . 8 0 0 
6 9 . 0 0 0 
6 8 . 2 0 0 
6 8 . 2 0 0 
6 8 . 6 0 0 
6 8 . 8 0 0 
68 .600 
Mean 
6 8 . 7 0 0 
6 9 . 0 0 0 
68 .100 
68 .100 
6 8 . 6 0 0 
6 8 . 7 0 0 
N.B, A basa l dose of 40 kg K20/ha as wel l as spray dose of 
20 kg N + 8 kg P2^5 + ^ kg S/ha was applied uniformly 
t o both main p l o t s 
C.D. at 5^ 
Main p lo t marginal means M.S. 
Sub-p lo t marginal means 0.782 
Main p lo t means at t h e same l e v e l of sub-p lo t N.S, 
Sub-p lo t means a t t h e same l e v e l of main p lo t N.S, 
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N^^P^^ (Table 33). The increase due to t h i s treatment was 32,8 60 40 
per cent over the main plot receiving the basal dose of ^40^20* 
Comparing the sub-plot means, i t was noted tha t var ie ty 
VaiTjna out-yielded others and gave 17.8 per cent more seed yield 
than Appressed Mutant which gave the lowest value . Varuna was 
followed by T-16 which was equalled by R.75-2. 
Vifhen the values of main plot means were compared at the 
same level of s u b - p l o t , i t was found tha t a l l the v a r i e t i e s gave 
comparatively higher values at the basal level N^QP^Q than those 
given by t h e i r respective counterpar ts . 
With regard to sub-plot means at the same level of main 
p lo t , i t was revealed t h a t , at lower basal level ('^'4Q5?2Q)> var ie ty 
T-I6 gave s igni f icant ly higher value than a l l o ther v a r i e t i e s , 
except Varuna which was at par with i t . Variety Varuna was also 
equalled by T-i i at t h i s l e v e l . The poorest i n t e rac t ion effect 
was tha t of N^J^P^Q X RL-i8, whereas at the higher basal dose 
( N ^ Q P . Q ) , FW75-2, RL-IB and Varuna, showing p a r i t y , gave 
s igni f icant ly higher values than those given by other v a r i e t i e s . 
Appressed Mutant gave the lowest seed yield at t h i s l e v e l . 
4 ,6 .5 Oil peicentaqe 
The basal dose ^40^20 3^^ ® ^*^ P®'^  cent higher o i l content 
compared with ^^0^4^ (Table 34). 
Table 33. Comparative response of six mustard v a r i e t i e s t o leaf-
applied N, P and S at two basal doses of N and P in 
re la t ion to seed yield (kg/ha) 
Vari e t i es 
( sub-plots) 
Basal treatments (main plots) 
^40^20 N P 60 40 
Mean 
Appressed Mutant 
R .75 -2 
RL- i8 
T - i i 
T - i 6 
Varuna 
847 .000 
786 .666 
660 .000 
9 0 0 . 0 0 0 
9 5 0 . 0 0 0 
9 1 5 . 0 0 0 
9 4 8 . 0 0 0 
1 2 3 3 . 0 0 0 
1 2 2 5 . 0 0 0 
1 0 3 1 . 0 0 0 
1080 .000 
1200 .000 
897 .500 
1009 ,833 
9 4 2 , 5 0 0 
9 6 5 . 5 0 0 
1 0 1 5 . 0 0 0 
1 0 5 7 . 5 0 0 
Mean 8 4 3 . 1 1 1 1 1 1 9 . 5 0 0 
N .B , A b a s a l dose of 40 kg K20/ha as w e l l as s p r a y dose of 
20 kg N + 8 kg Po^s + 2 kg S /ha was a p p l i e d u n i f o r m l y 
t o b o t h main p l o t s 
Main p l o t m a r g i n a l means 
S u b - p l o t m a r g i n a l means 
Main p l o t means a t t h e same l e v e l of s u b - p l o t 
S u b - p l o t means a t t h e same l e v e l of main p l o t 
C D . a t 5% 
1 3 . 0 6 7 
3 5 . 1 0 0 
4 6 . 6 8 6 
49 .639 
Table 34. Comparative response of six mustard varieties to leaf-
applied N, P and S at two basal doses of N and P in 
relation to oil percentage 
,, . , . Basal treatments (main plots) „ ^ 
Varieties ^ _^ ' Mean ( s u b - p l o t s ) j ^ p N . ^ P . 40 20 "60*40 
Appressed Mutant - 3 2 . 6 6 6 3 1 . 1 3 3 31 .900 
R .75-2 33 .366 3 3 . 0 6 6 33 .216 
RL- i8 3 5 . 0 0 0 3 4 . 3 8 3 3 4 . 6 9 1 
T - 1 1 3 5 . 0 0 0 33 .300 34 .150 
T-16 ' 3 3 . 0 0 0 3 2 . 1 5 0 3 2 . 5 7 5 
Varuna 33 .300 32 .066 3 2 . 6 8 3 
Mean 33 .722 3 2 . 6 8 3 
N . B . A b a s a l dose of 40 kg ICO/ha as w e l l as s p r a y d o s e of 
20 kg N + 8 kg P2^5 •** ^ kg S/ha was a p p l i e d u n i f o r m l y 
t o b o t h main p l o t s 
C D . a t 5% 
Main p l o t m a r g i n a l means 1 .004 
S u b - p l o t m a r g i n a l means 0 .962 
Main p l o t means a t t h e same l e v e l of s u b - p l o t 1 .523 
S u b - p l o t means a t t h e same l e v e l of main p l o t 1 .361 
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Comparison of sub-plot marginal means ( v a r i e t a l 
differences) showed tha t v a r i e t i e s did not d i f fe r markedly in 
t h e i r o i l content. However, the o i l content was maximum in RL-18, 
being 2.8 per cent more than in var ie ty Appressed Mutant which 
gave the lowest o i l percentage. The o i l content of RL-iS was at 
par with tha t of T-11 which was i t s e l f equalled by R,75-2. 
When main plot means at the same level of sub-plot were 
compared, i t was found tha t a l l the v a r i e t i e s gave higher 
o i l content at the lower basal dose ( ^ . Q P ^ Q ) in comparison with 
the values given by t h e i r respect ive counterparts . However, most 
of the values did not d i f fe r c r i t i c a l l y from each other , 
Vifith regard to sub-plot means at the same level of main 
plot , i t was noted tha t at the lower basal level (N^QPOQ^ 
v a r i e t i e s RL-lB and T- i i gave maximum o i l content, whereas the 
performance of Appressed Mutant was the poorest at t h i s l eve l . 
At the higher basal level (N QP ), RL-iB, T-11 and R.75-2, being 
at par, gave higher values than the other v a r i e t i e s , Appressed 
Mutant gave the poorest value at t h i s level a lso, 
4,6.6 Oil yield 
When main plot marginal means were compared, 29,1 per cent 
more o i l was noted to be produced by the basal dose N, P^^ than 
by N4QP2Q (Table 35), 
Table 35. Comparative response of s ix mustard v a r i e t i e s t o leaf , 
appl ied N, P and S at two ba sa l doses of N and P i n 
r e l a t i o n t o o i l y i e l d (kg /ha) 
V a r i e t i e s 
( s u b - p l o t ' 
Appressed 
R ,75 -2 
RL- i8 
T - i l 
T - i 6 
Varuna 
Mean 
0 
Mut ant 
B a s a l t r e a t m e n t s 
N P^ 40 20 
2 7 6 . 6 8 1 
2 62 .479 
2 3 1 . 0 0 0 
315 .000 
3 1 3 . 5 0 0 
3 0 4 . 5 9 5 
2 8 3 . 8 9 3 
(main p l o t s ) 
N P 60 40 
2 9 5 . 1 4 1 
4 0 7 . 7 0 4 
421 .192 
3 4 3 . 3 2 3 
347 .220 
384 .792 
366.562 
Mean 
2 8 5 . 9 1 1 
335 .092 
326 .096 
329.162 
330 .360 
344 ,744 
N.B. A basa l dose of 40 kg K20/ha as wel l as spray dose of 
20 kg N + 8 kg ^n^^^ ^ ^^ S/ha was applied uniformly 
t o both main p l o t s 
C D . a t 5°^-/o 
Main p l o t marginal means 4.094 
Sub^plot marginal means 17.093 
Main p lo t means at t h e same l e v e l of sub^plot 22.346 
Sub-p lo t means at t h e same l e v e l of main p lo t 24.174 
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On comparing the sub-plot marginal means, i t was noted 
tha t the v a r i e t i e s Varuna, R,75-2, T-i6 and T - i l , giving equal 
values, gave higher o i l y ie ld than the res t of the v a r i e t i e s . 
The lowest o i l yield was noted in the var ie ty Appressed JVlutant. 
In t h i s respect,Varuna out-yielded Appressed Mutant by 20,6 
per cent. 
Taking main plot means at the same level of sub-plot in to 
account, i t was found t h a t , l ike pod number, seed number and seed 
y ie ld , o i l yield was also higher in a l l v a r i e t i e s at Ng^P^ 
compared with t h e i r respect ive counterpar ts . However, Appressed 
Mutant gave equal value at both the l e v e l s . 
Considering sub-plot means at the same level of main plot , 
i t emerged tha t t h e va r i e t i e s T - l i , T-16 and Varuna gave 
s t a t i s t i c a l l y equal values at the lower basal dose (N^QP2Q). 
The values given by these in te rac t ions differed c r i t i c a l l y from 
the remaining i n t e r a c t i o n s . The lowest o i l y ie ld was noted in 
N.Qp„Q X RL-18. On the other hand, at the higher basal l eve l , 
va r i e t i e s RL-i8 and R.75-2, being equal, performed b e t t e r than 
the others and gave maximum o i l y i e ld . The lowest value was 
noted in N,„P^_ x Appressed Mutant. 
4 .6.7 Acid Value 
There was no s ignif icant difference between main plot 
marginal means (Table 36). 
Table 36, Comparative response of s i x mustard v a r i e t i e s t o leaf-
appl ied N, P and S at two b a s a l doses of N and P in 
r e l a t i o n t o acid value 
V a r i e t i e s 
( s u b - p l o t s 
Appressed 
R. 75-2 
RL—i8 
T - i l 
T-16 
Varuna 
Mean 
0 
Mutant 
B a s a l t r e a t m e n t s 
^40^20 
3 . 1 0 0 
3 . 2 9 3 
2 . 8 0 0 
2 . 7 0 0 
2 . 6 9 6 
2 . 7 7 0 
2 . 8 9 3 
(*main p l o t s ) 
N P 60*^40 
3 . 0 8 3 
3 . 0 7 6 
2 . 4 0 6 
2 . 7 0 0 
2 . 2 0 0 
2 . 4 1 6 
2 . 6 4 7 
Mean 
3 .091 
3 .185 
2 . 6 0 3 
2 . 7 0 0 
2 . 4 4 8 
2 . 5 9 3 
N.B. A basa l dose of 40 kg K^O/ha as wel l as spray dose of 
20 kg N + 8 kg ^2^5 + 2 kg S/ha was appl ied uniformly 
t o both main p l o t s 
C.D. a t 5% 
Main p lo t marginal means N.S. 
Sub-plot marginal means 0,178 
Main p l o t means at t h e same l e v e l of s u b - p l o t 0.380 
Sub-plot means at t h e same l e v e l of main p lo t 0,252 
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Comparing sub-plot marginal means, i t was found tha t the 
v a r i e t i e s T-16, Varuna and RL-i8 gave lower acid values and 
were at par . Similarly, Appressed Mutant and R,75-2 were at 
par and gave the highest acid value. Variety R,75-2 gave 
30,1 per cent higher value in comparison with T-16. 
When main plot means at the same level of sub-plot were 
compared, i t was noted tha t al l v a r i e t i e s gave lower acid value 
at the basal leve l ^50^40 than t h e i r respect ive counterpar ts . 
However, most of the differences were not found s ign i f i can t . 
Considering the differences of sub-plot means at the 
same level of main p lo t , i t v^ ias found t h a t , at the lower basal 
level i^Af)^20^' T-i6 exhibited the lowest acid value. I t was 
at par with T- l i , Varuna and RL-i8, Appressed Mutant and R.75-2 
registered the highest acid value. At the higher basal level 
(N^Qp,„), the lowest acid value was again observed in T-16 
which was equalled by RL-18 and Varuna. Similarly, v a r i e t i e s 
Appressed Mutant and R.75-2 showed the highest values at higher 
basal level a l so . 
4 .6 .8 Iodine value 
Comparison of main plot marginal means showed tha t higher 
basal dose (NgQP4Q) produced 0.5 per cent lower iodine value in 
comparison with N.QP^Q (Table 37). 
Table 37. Comparative response of s ix mustard v a r i e t i e s t o leaf-
applied N, P and S a t two basa l doses of N and P in 
r e l a t i o n t o i od ine value ; 
,, ^4„+,-^^ Basal t r e a t m e n t s (main p l o t s ) ., 
V a r i e t i e s _; Mean 
( s u b - p l o t s ) ^ p ., p 
Oppressed Mutant 100.800 99.833 100.316 
R.75-2 100.983 100.800 • 100^891 
RL-18 100.190 99.866 100.028 
T - i l 98.050 98 .183 98.116 
T-16 99,250 98.066 ' 98.658 
Varuna 98.323 97.833 ,98.078 
Mean 99.599 99.097 
N.B. A basa l dose of 40 kg K20/ha as wel l as spray dose of 
20 kg N + 8 kg P20f5 + 2 kg S/ha was appl ied uniformly 
t o both main p l o t s 
C D . at ^% 
Main p lo t marginal means 0.202 
Sub-plot marginal means 0.362 
Main p lo t means at t h e same l e v e l of sub -p lo t 0.499 
Sub-plo t means at t h e same l e v e l of main p l o t 0,512 
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Taking sub-plot marginal means in view, var iety Varuna 
gave the lowest iodine value which did not c r i t i c a l l y d i f f e r 
from tha t of T - i l . Variety T-ii was followed by T-i6 and RL-i8. 
The s igni f icant highest iodine value was noted in R.75-2 with 
Appressed Mutant occupying the second pos i t ion . The value 
recorded for Appressed Mutant did not s ign i f ican t ly d i f f e r 
from tha t for RL-18. Variety Varuna was 2 »8-per cent l ess_ in 
iodine value compared with R.75-2, 
When main plot means at the same level of sub-plot were 
compared, most of the va r i e t i e s seemed to give higher iodine 
value at lower basal level as compared with t h e i r respective 
counterpar ts . But actually only two v a r i e t i e s , Appressed Mutant 
and T-i6, gave values at one basal level tha t s igni f icant ly 
differed with those at the other l e v e l . 
With regard to sub-plot means at the same level of main 
p lo t , i t was found tha t^a t the lovi/er basal dose (N p^vPoQ *^ ^"'-'-'• 
gave the lowest iodine value. I t was equalled by Varuna. On 
the other hand, at the higher basal leve l (^(.Q^AQ)* var ie ty 
Varuna gave the lowest value which was equalled by T-11 and T-i6, 
I t was also noted tha t var ie ty R.75-2 gave the highest values at 
both the basal l e v e l s . 
4.6.9 Saponification value 
The comparison of main p lo t marginal means showed tha t 
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the main plot N^QPOQ Q^ve 0.8 per cent higher saponificat ion 
value than the other main plot (Table 38). 
When the values of sub-plot marginal means ( v a r i e t a l 
differences) were compared, i t emerged tha t var ie ty R,75-2 
(being at par with RL-18) gave the highest saponification value 
(2.4 per cent more than tha t of T-11 which was equalled by Varuna 
and regis tered the lowest va lue) . 
With regard to main plot means at the same level of 
sub-plot , i t was observed tha t a l l v a r i e t i e s gave higher values 
with lower basal dose in comparison with t h e i r respect ive 
counterpar ts , except T- i i and Varuna which gave equal values 
at both l eve l s . 
Taking sub-plot means at the same level of main plot 
into consideration, i t was found tha t at lower basal dose, R.75-2 
and RL-18 regis tered highest value, while T- i l and Varuna, also 
being at par, gave the lowest value. On the other hand, at higher 
basal level ( N , Q P ^ ) , RL-18 and R.75-2, being equal, gave the 
highest value. 
T a b l e 3 8 , C o m p a r a t i v e r e s p o n s e of s i x mus tard v a r i e t i e s t o l ea f -
a p p l i e d N, P and S a t two b a s a l d o s e s of N and P i n 
r e l a t i o n t o s a p o n i f i c a t i o n v a l u e 
,, . . . Basa l t r e a t m e n t s (main p l o t s ) ., 
V a r i e t i e s ^ ^ Mean ( s u b - p l o t s ) j ^ p N , ^ P . 40 20 60 40 
A p p r e s s e d Mutan t 1 7 6 . 5 2 3 1 7 4 . 7 0 0 1 7 5 . 6 1 1 
R.75-2 178 .300 1 7 6 . 0 0 0 1 7 7 . 1 5 0 
RL- i8 177 .666 1 7 6 . 4 5 0 1 7 7 . 0 5 8 
T ^ i l 1 7 3 . 0 6 6 173 .066 1 7 3 . 0 6 6 
T-16 175 .400 1 7 2 . 5 0 0 1 7 3 . 9 5 0 
Varuna 1 7 3 , 6 3 3 1 7 3 . 1 0 0 1 7 3 . 3 6 6 
Mean 1 7 5 . 7 6 5 174 .302 
N .B . A b a s a l dose of 4 0 kg K^O / h a as w e l l as sp ray d o s e of 
20 kg N + 8 kg P205"'" 2 kg S / h a was a p p l i e d u n i f o r m l y t o 
b o t h main p l o t s 
C.D. a t 5 ^ 
Main p l o t m a r g i n a l means 0 . 3 2 0 
S u b - p l o t m a r g i n a l means 0 . 5 4 5 
Main p l o t means a t t h e same l e v e l of s u b - p l o t 0 . 7 5 6 
S u b - p l o t means a t t h e same l e v e l of main p l o t 0 . 7 7 1 
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CHAPTER - 5 
DISCUSSION 
A perusa l of t h e review of l i t e r a t u r e (Chapter 2) r e v e a l s 
t h a t most of t h e s t u d i e s p e r t a i n i n g t o t h e minera l n u t r i t i o n of 
mustard are confined t o s o i l a p p l i c a t i o n s . I t i s , however, 
noteworthy t h a t although t h e few r e f e r e n c e s on f e r t i l i s e r 
a p p l i c a t i o n through f o l i a r feeding proved encouraging i n t h e 
s t u d i e s under taken , t h e t e chn ique has not rece ived due a t t e n t i o n 
p a r t i c u l a r l y i n p u r country land remains t o be f u l l y e x p l o i t e d . 
Keeping t h i s i n view, t h e present a t tempt was made t o t e s t t h e 
e f f icacy of f o l i a r a p p l i c a t i o n s e l e c t i n g a number of new mustard 
v a r i e t i e s . The response of t h e s e mustard v a r i e t i e s t o va r ious 
t r e a t m e n t s wi th regard t o t h e i r y i e l d and q u a l i t y c h a r a c t e r i s t i c s 
was s tudied in s i x f i e l d t r i a l s . The r e s u l t s are d i scussed below 
with r e fe rence t o e a r l i e r work wherever necessa ry , 
5 , 1 Experiment 1 
The f i r s t experiment was conducted t o study t h e 
comparat ive performance of t en high y i e l d i n g v a r i e t i e s of mustard 
(Appressed Mutant, Pusa Kisan, Pusa K r a n t i , R.75-2 , RIK-3, 
RL-iS, RS-3, T-11 , T-i6 and Varuna) provided with uniform 
dose of basa l NPK t o s e l e c t t h o s e showing g r e a t e r a d a p t a b i l i t y 
t o l o c a l c o n d i t i o n s . The important f i nd ings regarding t h e y i e l d 
- 101 _ 
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and qual i ty c h a r a c t e r i s t i c s are discussed below: 
Regarding the performance of the v a r i e t i e s , seed yield 
\Nas s igni f icant ly highest in Varuna (Figure 7 ) . The contr ibut ing 
parameters to seed yield were pod number per p lant , seed number 
per pod and h e c t o - l i t r e weight, which were maximum in t h i s 
var iety (Table 9 ) . Similar re la t ion between pod number and 
seed yield was reported by other workers, including Mehrotra 
^ t _al_. (1976) and Parvaiz et ^ . (1983). The importance of 
seed number per pod to increase seed yie ld was also stressed 
by Bhan et _al_, (1975). Likewise, the importance of t e s t weight 
for seed yield was recognised by Agrawal and Gupta (1977). 
Maximum h e c t o - l i t r e weight was noted in RS-3, Varuna 
and Pusa Kranti , a l l being at par. However, seed yield differed 
in these v a r i e t i e s , and t h i s var ia t ion might be due to difference 
in pod number per plant and seed number per pod (Table 9 ) . 
Variety Varuna yielded maximum o i l per hectare 
(Figure 7) , although i t was found tha t var ie ty RL-i8 
surpassed i t in o i l percentage (Table 9 ) . With regard to 
o i l product ivi ty , t h i s drawback in Varuna was compensated by 
i t s high seed y ie ld . Likewise, in case of Appressed Mutant, 
the lowest o i l percentage was responsible for low o i l yield 
though t h i s var ie ty , with regard to seed y ie ld , at tained a 
posi t ion next to varuna. 
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I t may also be mentioned tha t v a r i e t i e s RIK-3, Pusa 
Kisan, RS-3 and Pusa Kranti pnoved comparatively low o i l 
y ie lde r s under local condi t ions . The poor o i l yield in these 
v a r i e t i e s seemed Ciue_toj t h e i r poor perfoitnance with regaid to 
one or the other yield parameter which na tura l ly brought down 
t h e i r o i l y ie ld . Remaining v a r i e t i e s gave moderate values, 
pa r t i cu l a r ly for o i l y i e l d . 
For o i l qual i ty , low acid value in Pusa Kisan and low 
iodine value in RS-3 elevated them as b e t t e r v a r i e t i e s for 
the respect ive parameter . Low values of these c h a r a c t e r i s t i c s 
are considered good for storage and hydrogenation respec t ive ly . 
Similar ly, Pusa Kisan, with i t s high saponification value, could 
be considered good for d i g e s t i b i l i t y and soap making. As for 
Vamna, i t was reasonably good for qual i ty a lso . For example, 
the difference (2.9 per cent) in the saponification value of 
Varuno and Pusa Kisan which gave the highest value, can be 
considered neg l ig ib le . In any case, mustard o i l i s in such 
short supply in India tha t i t i s ne i the r stored for long time 
nor used for large scale hydrogenation or soap making. 
5,2 Experiment. 2 
Mustard variety Varuna was selected for t h i s t r i a l 
because of i t s local popularity and proven adaptabi l i ty under 
local conditions (Parvaiz, 1980). 
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I t was planned to study the effect of four doses of 
leaf-appl ied nitrogen (5 , 10, 15 and 20 kg N/ha) with and 
wit'hout phosphorus and sulphur (2 kg each of P2^5 ^"^ S/ha) and 
including one water-sprayed control (sub-plots) under two basal 
f e r t i l i s e r l eve l s (40 kg N + 20 kg P^O^ + 40 kg K^ O and 
60 kg N + 40 kg P^O^ + 40 kg K^O/ha) as main p l o t s . The effect 
of these treatments on the y ie ld and quali ty c h a r a c t e r i s t i c s 
of Varuna was noted with a view to se lect the optimum dose of 
f o l i a r spray. 
On comparing basal t rea tments , t h e data (Tables 10-18) 
revealed tha t t he higher basal dose (N^QP^^) proved b e t t e r for 
a l l y ie ld and quali ty c h a r a c t e r i s t i c s , except saponif icat ion 
value. The increase in seed and o i l yield at higher basal 
l eve l s of nitrogen and phosphorus was also noted by Parvaiz 
(1980) and Afridi et_ _al.. (1983). Since yie ld c h a r a c t e r i s t i c s , 
namely pod number per plant , seed number per pod, h e c t o - l i t r e 
weight and o i l percent age, were higher at t h i s leisrel (Tables, 10, 
11, 12, 14), the increase in seed and o i l yield (Tables 13, 15) 
might be (^e t o^ the i r cumulative ef fec t . 
I t may be added tha t increasing the supply of nitrogen 
i s known to increase ce l l number and ce l l s ize of leaves 
whereas, phosphorus enhances ce l l d ivis ion and could induce 
branching at vegetat ive as well as reproductive stages (Hewitt, 196^ 
Devlin, 1981). This has been confirmed for mustard at 
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Al iga rh (Naqvi, 1976; Naqvi £ t ^ 1 _ . , 1977; Parva iz ®t_ _aJ^., 1983) . 
Thus, t h e h igher l e v e l of n i t r o g e n and phosphorus would account 
fo r b e t t e r growth i n gene ra l and inc reased pod number per p lan t 
and seed number per pod in p a r t i c u l a r . A s i m i l a r b e n e f i c i a l 
e f f ec t of n i t rogen a p p l i c a t i o n on t h e s e two y i e l d a t t r i b u t e s 
has been repor ted by Majumdar and Sandhu (1963) , Al len and 
Morgan (1972) , Bhan and Singh (1976b) , Singh e t al^.;^, ( i 9 7 8 b ) , 
Mudholkar and Ahlawat (1979) , P a t e l et a l . (1880) and Vi r and 
Verma ( I 9 8 i ) , At t h e same b a s a l l e v e l ( N ^ Q P ^ Q ) , h e c t o - l i t r e 
weight and o i l percentage (Tables 12, 14) were a lso found 
h ighe r . This i n c r e a s e i n h e c t o - l i t r e weight of seeds might 
be ^ e t o ^ t h e supply of adequate pho tosyn tha tes r e s u l t i n g in 
t h e product ion of bold s eeds . 
The b e n e f i c i a l e f f ec t of b a s a l n i t r ogen and phosphorus 
alone o r i n combination on seed y i e l d i n mustard and rapeseed 
was noted by many workers, i n c l u d i n g Stepanova (1958) , Pathak 
et ^ . (1961) , Beech and Norman (1964) , Anderson and Kusch (1968) , 
Dembinski £t_ ail.. (1969) , Lammerink and Morice (1970) , R o l l i e r 
(1970 a , b ) , Singh e t a l . (1971) , Mehrotra et ad. (1972) , 
Chundawat :et_ a l . (1975) , Pe'rez and Mora (1975) , Bhan and Singh 
(1976 a , b ) , Sotomayor (1977) , Henry and Macdonald (1978) , 
Holmes and Ainsley (1978) , Parva iz (1980) , A f r i d i et. al,. (1983) , 
Mohammad and Samiullah (1983) , Parva iz £t_ _al_. (1983) and 
Samiullah et ail.. (1983) . 
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I t has been noted by several workers that basal 
nitrogen alone or i t s high l eve l with low leve l s of phosphorus 
had de le ter ious effect on o i l content (Arora and Bhatia, 1970; 
Rol l ier , i970b; Kolosova, 1972; Dasgupta and Friend, 1975; 
Mazur £ t _al.., 1977; Holmes and Ainsley, 1979; Holmes and 
Bennett, 1979; Parvaiz, 1980; Afridi £t ^ 1 . . , 1983). However, 
i t has been noted that increasing the basal phosphorus dose 
in the presence of the same (high) nitrogen dose r e su l t s in 
higher o i l content (Parvaiz, 1980), This has been confirmed 
in the present study as 60 kg N/ha in combination with the 
higher phosphorus dose (40 kg P 0^/ha) increased the o i l content 
instead of decreasing i t . The decrease in o i l content by 
nitrogen alone (as mentioned above) i s , however, more than 
compensated by the much higher seed y ie ld , which enhanced 
the computed value for o i l y i e ld . Such increase in o i l 
y ie ld by basal application of nitrogen alone or in combination 
with phosphorus has also been obtained by several workers 
(Bishnoi and Singh, 1979b; Parvaiz, 1980; Afridi et ^J^., 1983; 
Mohammad and Samiullah, 1983), In the present study the 
increase in computed o i l yield was more pronounced in the 
^^0^4.0 'ti'eatment because o i l content was also increased* 
The decrease in acid value at the basal level N^-,P.^ 
60 40 
(Table 16) might be(^e td, the nitrogen and phosphorus ratio, 
since nitrogen increased the acid value (Bishnoi and Singh, 
1979b; Mohammad and Samiullah, 1983) while phosphorus decreased 
- 107 -
i t (as noted l a t e r in Experiment 3 ) . Thus, at t h i s level 
(N.^P_^), phosphorus seemed to counteract the i l l effect of 
nitrogen and resulted in decreased acid value. Lower iodine 
value at the same basal leve l (Table 17) was pre sum ably (.due 
xb) the cumulative effect of ni trogen and phosphorus. 
Decrease in iodine value with increasing doses of nitrogen 
was noted by many workers, including Arora and Bhatia (1970) 
and Mohammad and Samiullah (1983) in mustard and by IChan and 
Gupta (1959), Dybing (1954), Yermanos £ t j l . (1964) and 
Singh and Singh (1978) in l inseed . Similar ly, Singh and 
Singh (1978) also noted tha t phosphorus applicat ion decreased 
the iodine value in l in seed . The decrease in saponif icat ion 
value at N^QP.Q (Table 18) might be (^\je'l:"o^the high amount of 
nitrogen and phosphorus in combination as in case of iodine 
value. Dasgupta and Ghosh (1977) noted tha t high nitrogen 
doses increased the carbon skeleton formation and the process 
of chain elongation from o le ic (C ,o . i ) "to erucic acid (Gp^ ) , 
thereby decreasing the percentage of the former and increasing 
the percentage of l a t t e r . Increasing doses of phosphorus spray 
also decreased the saponif icat ion value in Experiment 3, Thus, 
at t h i s basal l eve l , high doses of nitrogen and phosphorus 
decreased the saponification value, whereas, at lower basal 
l e v e l , the reverse would have been t rue resul t ing in the formation 
of r a the r shor ter chain fa t ty acids responsible for high 
saponification value. 
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Among the dif ferent spray t reatments , N2QP2S2 proved best 
for most of t h e yield c h a r a c t e r i s t i c s , pa r t i cu la r ly seed and o i l 
y ie ld . I t was also observed tha t increase in the quantity of 
nitrogen in the spray gave a gradual increase in pod number 
per plant , seed number per pod, seed y ie ld and o i l y ie ld . The 
effect was more pronounced when phosphorus and sulphur were 
included in the nitrogen spray (Tables 10, 11, 13, 15). The 
spray treatment NOQPO'^? P^°^®^ b e t t e r for seed and o i l yield 
because^in t h i s t reatment, pod number per plant and seed number 
per pod were also higher. Similar increase in pod number and/or 
seed number by fo l i a r applicat ion of nitrogen was also noted by 
Vir and Verma (1979), Parvaiz (1980) and Afridi et al.. (1983). 
As noted above, inclusion of phosphorus and sulphur in 
the nitrogen spray resul ted in further improvement in yield 
c h a r a c t e r i s t i c s , including seed and o i l yield because phosphorus 
and sulphur are known to be very int imately associated with t he 
growth and metabolism of plants (Gi lber t , 1951; Nason and AlcElroy, 
1963; Bandurski, 1965; Devlin, 1981), I t has also been noted 
tha t mustard generally shows a high phosphorus and sulphur 
requirement (Marquard et ad., 1968; Rol l i e r and Ferrif , 1969; 
Studer, 1969; Stabbetorp, 1973; Pasricha and Randhawa, 1973; 
Singh and Singh, 1977b). 
However, the increasing doses of spray nitrogen decreased 
the h e c t o - l i t r e weight as well as o i l percentage (Tables 12, 14), 
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Decrease in these ch a r ac t e r i s t i c s with increasing doses of 
nitixigen was noted by many workers. For seed weight, the 
resu l t s obtained by Majumdar (1962), Jana (1963), Lahir i 
(1964), Parvaiz (1980), Afridi et ^1_. (1983) and Moharnmad 
and Samiullah (1983) may be cited here. A depressing effect of 
nitrogen on o i l content was reported by Wind (1944), Blackman 
and Bunting (1951), Sinha et a l . (1962) , Bhatty (1964), 
Nordestgard (1966), Appelqvist (1968), Arora and Bhatia (1970), 
Voskerusa (1970), Scott et a l . (1973), Fors te r (1978), 
DiepenbTOck (1979), Parvaiz (1980), Afridi £t _aj^ . (1983) and 
Mohammad and Samiullah (1983). In the present study, i t may 
be emphasised that the depressing effect of nitrogen application 
on h e c t o - l i t r e weight and o i l percentage was offset by the 
inclusion of phosphorus and sulphur. Naqvi (1976) noted 
increase in oi l percentage with the appl icat ion of phosphorus 
and sulphur spray. Further, Parvaiz (1980) and Afridi e t a l . 
(1983) also found improved h e c t o - l i t r e v\/eight, in addition to 
o i l percentage, in treatments where phosphorus and sulphur were 
added in the nitrogen spray. 
Regarding the quali ty c h a r a c t e r i s t i c s , i t was found tha t 
acid value (Table 16) increased with increasing doses of spray 
ni t rogen. The explanation given on page 106 with regard t o 
basal nitrogen may hold good in t h i s case a l so . 
Regarding iodine and saponification values (Tables 17,18), 
i t was found tha t ,wi th increasing doses of nitrogen spray, these 
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values decreased. I t may be recal led tha t a s imi lar trend 
for iodine and saponif icat ion values was noted in re la t ion to 
basal applicat ion of nitrogen and has already been discussed 
on page 107. 
The comparison of main p lo t means at the same level of 
sub-plot reveals tha t each of the spray treatment gave b e t t e r 
r e su l t s at higher basal dose (spray x f^go^40^ ^°^ ^^^'^ ^^'^ 
oi l yield (Figure 8) , compared with t h e i r respective 
counterparts (spray x N 0^20^"* '^^^^ "^ Y^ ®^ ^^_e__to)the 
favourable effect on pods per p lant , seeds per pod, h e c t o - l i t r e 
vi/eight and o i l percentage (Tables 10, 11, 12, 14) . 
When sub-plot means at the same level of main plot were 
compared, i t was noted tha t at both basal l e v e l s , spray of 
Np_PpS^ gave highest values for most of the yield c h a r a c t e r i s t i c s , 
including seed and o i l yield (Figure 8 ) . I t may be pointed out 
t ha t , in a separate study, the author has establ ished tha t the 
optimum basal requirement of nitrogen for t h i s var ie ty (Varuna) 
under local conditions i s 90 kg N/ha (Mohammad and Samiullah,i983). 
Therefore, having received a sub-optimal basal dose of ni trogen, 
the plants seemingly developed a "hidden hunger" and gave 
favourable response to spray of t h i s n u t r i e n t . 
Though the spray of N^QP^S^ gave maximum value for 
seed and o i l yield (Figure 8) at the higher basal level (^^0^40^' 
per cent increase in these y ie lds over respect ive controls 
f- '•^- ?y^>\^^N>'">-V>>>!>>f^ 
l:-f.ti.t.)i f T f r« in. i iji<.iiiiLi..t r.i„i,ir.riii..i.'.i;M-u.AA i^\\\\S\\\<>s\^^\\\N ii.i i .vt,.r.%.iJ,.,:i.'a.tm».,^.A^.t.x.'. 
[ n^i»R'i!aw»?w»».'7«<; 
• ^ , . . . • > « > . > > ^ > * * , . . . . f . « . | f * « ^ f « 1 1 , * * • . • • • • 
{"• '^•^^^'''^^^^''''•}-tgv'-';W'^'^^^'^ ! -''^ '*|j^ » 
k»tllt lltt 1 ritiLTftl I M H I I 
(W^^^^^^^s^^^^^^^^,\^ 
o 
o 
t'ijJtWJW'^'-.j- ,l^.'•,-^^T 
• I I I L . . . . J . Kv;^\\'s<^\<.s\S\\\s\s 
im^ui iiii^"'-'W, <i 'A>J^ 
^•jt^-'';i^-5^.'l|)t!^W^i!-'^'i^j^- c' >ij^" 
• f f r • •» . • , i f fi.-.i-.M.rr-.t •tjM 
^:::::::::::::::::::::::::::::::::m^;'m<^^ 
[ 
I I t r r n i f t T T — • t i i - t i t i i 
< » I I I I 1 I 1 I I L 
I 
O O 
CM 
O 
8 
O O 
00 
8 8 8 
VO V Oi 
t5 
B 
.A^  
z 
<M 
0?* 
z 
o 
m 
z 
Q. O 
z 
o 
o 
z 
a*^  
»f) 
z 
o 
a to 
z 
• ^ 
cP 
o 
z 
(0 
z UJ 
• -
< 
UJ 
1-
> • 
< 
(A 
O 
flc 
>-
1 
< 
h-(/) D £ 
g 
5 
a 
<n 
o 
a. 
z 
u. o 
O 
Ul u. 
u. 
Ui 
« 
Ul 
QC 
o 
9 
Ul 
> 
s 
o 5 
S 
i^  
z o 
• l 
a. 
5 
z 
1^ 
o 
13 
Ui 
^ 
ji 
< 
< 2 
w ^^ 
o o 
X Z 
X X 
F 1-5 JI 
93 
UJ Ul 
> >-
- i _J 
O o 
acs 
/-\ o 
-J -J 
< < 
2 to 
O o (M ^ 
O Q 
z z 
? X 
fc: fc 
5 3 
9 9 
Ul Ul 
> >• 
QQ 
DD 
( PM/ f . l ) 0131A 
- i l l 
was more at the lower basal level than at the higher l eve l . 
This pronounced response of leaf-appl ied nu t r i en t s at the 
lower basal level i s fur ther testimony to the above assumption. 
Similar findings have been reported by Mogilner and Oriol i 
(1967), Parvaiz (1980) and Afridi at ^ 1 . (1983). 
5.3 Experiment 3 
The th i rd experiment was also conducted according to 
s p l i t - p l o t design.^] on the same var ie ty of mustard (Varuna), 
The t r i a l was planned to study the effect of a broad range 
of combined levels of phosphorus and sulphur spray on the 
y ie ld and quality ch a r ac t e r i s t i c s so as to se lec t the optimum 
combination. The in sp i r a t i on came from observations of 
d i f f e r en t i a l response to various leve ls of spray phosphonjs 
noted e a r l i e r at Aligarh in barley (Afridi and Samiullah, 1973; 
Samiullah and Afridi , 1975; Afridi £t. ^ . , i978c) and on 
var ie ty Laha-iOl of mustard (Afridi t^_ ^1_ , , 1978a). Leaves 
were, therefore , sprayed at t h e r a t e of 2, 4, 6, or 8 kg/ha 
each of phosphorus (P O,.) and sulphur (S) in various 
combinations under two basal f e r t i l i s e r l eve l s (40 kg N -f 
20 kg P^O^ + 40 kg K2O and 60 kg N + 40 kg P^O^ + 40 kg K^O/ha), 
The basal treatments were taken in the main plots and spray 
t reatments , in the sub-p lo ts . 
The higher basal dose (N^QP^Q) proved b e t t e r and i t s 
effect was in broad concurrence with the r e su l t s of Experiment 2 
- i l 2 -
(Tables 19-27) which have already been discussed on pages 
104-107. 
When the ef fec ts of di f ferent combinations of leaf-applied 
phosphorus and sulphur (sub-plots) were compared with each other , 
treatment P^S^ proved optimum for seed and o i l y ie lds (Tables 
o 2. 
22, 24) most probably <3ue to) maximum values for pods per p lant , 
h e c t o - l i t r e weight and o i l percentage obtained with t h i s spray 
dose (Tables 19, 21, 23) , I t s effect on seed number per pod 
was also good as i t was next t o tha t of ^^^'^ which gave the 
highest value (Table 20) , From the qual i ty point of view also, 
the spray combination PoS^ proved b e t t e r as i t resul ted in the 
lowest acid value, ^ Out of the two nu t r i en t s sprayed, i t seems 
tha t sulphur played a more prominent ro le than phosphorus in 
promoting free fa t ty acid formation and thereby increasing the 
acid value. I t i s evident from Table 25 tha t spray combinations 
containing higher doses of sulphur enhanced the acid value 
whereas the opposite held good for phosphorus. Other quali ty 
c h a r a c t e r i s t i c s , i , e , iodine and saponif icat ion values, were 
also found comparatively b e t t e r with treatment P0S2 than with 
other spray t rea tments . A perusal of Table 27 shows tha t both 
phosphorus and sulphur lowered the saponif icat ion value as the 
water-sprayed control gave the highest value. However, t h i s 
detrimental effect seems to be more pronounced at higher 
phosphorus ra ther than higher sulphur doses. On the other hand, 
Table 26 ind ica tes a complimentary ro le for both nu t r i en t s in 
~ 113 -
decreasing the iodine value. 
On comparing in te rac t ion e f fec t s , i t emerged tha t a l l 
the spray treatments proved b e t t e r at higher basal dose (spray x 
N^JP^ in comparison with t h e i r counterparts (spray x ^ApP^n^ 
for most of the c h a r a c t e r i s t i c s , including seed and o i l y ie lds 
( Fi gu re 9 ) • 
Considering spray effects at the same basal l e v e l , 
treatment PQ^O proved b e t t e r for most of the yield c h a r a c t e r i s t i c s , 
including seed yield at both the basal l eve l s (Figure 9 ) . 
Regarding qual i ty c h a r a c t e r i s t i c s , i t may be summaMsed tha t 
spray of Po^p proved best for acid value at both basal l eve l s 
and was also reasonably good for iodine value at the higher 
and for saponification value at the lower basal l e v e l . 
5.4 Experiment 4 
This simple randomised f ie ld experiment, conducted on 
mustard variety Varuna, comprised ten treatments (Table 5) , 
including three l eve l s of basal nitrogen supplemented e i t he r 
with 3 l eve l s of solid f e r t i l i s e r as top-dress ings or with 
spray of 20 kg/ha nitrogen with and without phosphorus and 
sulphur (8 kg P^^s "''^  ^^ S/ha) at each basal leve l with one 
water-sprayed control receiving 90 kg basal N/ha. In addit ion, 
a unifoim dose of 40 kg PoO^ and 40 kg K20/ha was also added 
at sowing. The spray treatments were given on the bas is 
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of data obtained in Experiment 2 and 3, The aim of t h i s f ield 
t r i a l was to compare the efficacy of supplemental fo l i a r 
application with top-dressing and to se lec t t h e i r optimum 
combination with basal nitrogen for Varuna under local 
condit ions. 
Among the various t reatments , TQ (60 kg basal N/ha + 
spray of N2QP0S2) proved b e t t e r than other treatments for most 
of the yield and quali ty c h a r a c t e r i s t i c s . Thus, seed and o i l 
y ie lds were maximum in t h i s treatment (Figure 10), presumably 
(^ue to' t he cumulative effect on other yield a t t r i b u t e s , namely 
pod number per plant and seed number per pod as well as o i l 
percentage, as these a t t r i bu t e s were s ign i f ican t ly enhanced 
by t h i s treatment (Table 28) , Moreover, h e c t o - l i t r e weight 
given by T was also good as t h i s treatment was next only to 
T Q (45 kg basal N/ha + spray of ^^20^8^2^ tha t gave the optimum 
value. 
In short , the data of t h i s experiment established the 
super ior i ty of nitrogen spray over i t s top-dressing confirming 
the findings of Barat and Das (1962) for maize and Afridi and 
Samiuliah (1973) for bar ley. The r e s u l t s of Experiment 2 and 
3, regarding the high efficacy of N2Q and PQS2 spray 
respect ively, were also confirmed. Last ly , comparison of the 
effect of treatment T with T. c lear ly proved tha t considerable 
economy (gain of about 2 q/ha seed) coupled with highest 
productivity may be achieved by judicious use of fo l i a r spray 
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technique. This vindicates the e a r l i e r findings of Afridi 
and associates on cereals (see, for example, reviews by Afridi 
and Wasiuddin, 1979; Afridi , 1983). I t may be added tha t even 
treatment T ^^  gave 1 q/ha more seed y ie ld than T, . 
5,5 Experiment 5 
This simple randomised f ie ld t r i a l was a logical 
extension of the previous experiment. The nut r ien t combination 
comprised a uniform basal dose (60 kg N + 40 kg PpOp. + 40 kg 
K^O/ha) supplemented with 20 kg N + 8 kg P^O^ + 2 kg S/ha as 
fo l i a r spray. All the ten v a r i e t i e s of mustard screened in 
Experiment 1, namely Appressed Mutant, Pusa Kisan, Pusa Kranti , 
R.75-2, RIK-3, RL-18, RS-3, T-11 and T-16 and Varuna, were 
grown with the above mentioned basal + spray combination tha t 
had proved optimum for Varuna. The parameters t o t e s t the 
r e l a t ive performance of v a r i e t i e s were the same as in previous 
t r i a l s . The data are discussed below: 
Perusal of Table 29 reveals t ha t var iety R.75-2 gave 
maximum seed y i e ld . I t also produced maximum pod number per 
plant and seed number per pod, which might account for the 
maximum seed yield (Figure l i ) . Pod number per plant and 
seed number per pod seemed to be the most important contr ibut ing 
factor to the productivity of mustard in t h i s experiment and 
confirmed the findings of the previous t r i a l s . I t i s noteworthy 
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tha t the seed yield of Varuna was at par with t ha t of R.75-2. 
However, the contr ibuting factors for the high product ivi ty of 
Varuna included h e c t o - l i t r e weight also in addition to pod and 
seed number. Agrawal and Gupta (1977) emphasised the 
importance of t e s t weight in t h e i r study. They noted t h a t , 
although the plants of Labia Tog had higher number of pods per 
plant and seeds per pod than Toria TQ, the higher 1,000 seed 
weight of Toria T resulted in b e t t e r yield of t h i s var ie ty 
than tha t of Labia T , , However, the present study shows t h a t 
increase in h e c t o - l i t r e weight alone, i f unaccompanied by 
suff ic ient pods per plant and seeds per pod, would be of no 
use for productivi ty as i s c lear ly borne out by the perfoBnance 
of Appressed A/iutant. 
Comparison of va r i e t a l differences in Experiment 1 
(where p lants received the same basal dose of 60 kg N + 40 kg 
P^ Oc- + 40 kg K^O/ha but without supplemental spray) and in the 
present experiment reveals tha t Varuna gave maximum seed yield 
in both t r i a l s (Figures 7, 11) . I t i s a plus point for t h i s 
presently popular var ie ty as farmers with l imited resources 
could continue to grow i t even without f o l i a r t rea tment . On 
the other hand, v a r i e t i e s R.75-2, RL-18 and RS~3 which proved 
comparatively poor y i e lde r s in Experiment 1 (Figure 7) , gave good 
response to the spray t rea tment . I t would be i n t e r e s t i n g to 
inves t iga te whether the observation was the effect of spray 
£e r s^ or w a s ( ^ e tO) a higher f e r t i l i s e r requirement of these 
- 117 -
v a r i e t i e s than was provided by the basal dose applied. At the 
same t ime, i t i s noteworthy t h a t Appressed Mutant, which proved 
comparatively good for seed and o i l yield in the f i r s t experiment 
(Figure 7) , did not respond well to the spray treatment and i t s 
behaviour requires fur ther inves t iga t ion . I t may also be added 
t h a t , i n sp i t e of i t s low seed y ie ld , RS-3 was at par with 
R,75-2, RL-.18 and Varuna in giving maximum o i l y ie ld due to 
i t s superior o i l content (Table 29) . 
Regarding quality c h a r a c t e r i s t i c s , Pusa Kranti proved 
superior t o other v a r i e t i e s because i t exhibited lowest acid 
and iodine values as low values of these two cha rac t e r i s t i c s 
are considered good for storage and hydrogenation respectively* 
Similar ly , i t had best (maximum) saponification value as t h i s 
a t t r i b u t e i s considered good for d i g e s t i b i l i t y and soap making. 
The va r i e t i e s R.75-2, RL-i8, RS-3 and Varuna were also 
comparatively good for qual i ty as they exhibited moderate values 
for these quality c h a r a c t e r i s t i c s . Like yield c h a r a c t e r i s t i c s , 
var ie ty RIK-3 proved poor for qual i ty a lso. 
In brief, a perusal of the performance of these ten 
v a r i e t i e s with regard to y ie ld and quali ty cha rac t e r i s t i c s 
reveals tha t four v a r i e t i e s , namely R.75-2, RL-18, RS-3 and 
Varuna, are well adapted to local condit ions, 
5,6 Experiment. 6 
The l a s t f ield experiment was conducted according to 
- 118 -
s p l i t - p l o t design on six mustard v a r i e t i e s ( se lec ted on the 
bas is of t h e i r superior performance in Experiment l ) , namely 
Appressed Mutant, R.75-2, RL-18, T - i i , T~i6 and Varuna. The 
aim of the experiment was to note t h e i r comparative response 
to the spray of the establ ished optimum dose of Npp.P„Sp 
(Experiment 4) in the presence of two basal l eve l s (40 kg N + 
20 kg P^O^ + 40 kg K^ O and 60 kg N + 40 kg P2O5 + 40 kg K^O/ha) 
in re la t ion to yield and quali ty c h a r a c t e r i s t i c s . The basal 
t reatments receiving the common spray were taken in main plots 
and v a r i e t i e s , in sub-plots . The important findings are 
discussed below: 
Considering the main plot marginal means (Tables 30-38), 
the basal dose N^^P ^^  proved b e t t e r for a l l t he yield and 
qual i ty c h a r a c t e r i s t i c s , except o i l percentage (Table 34 )Q and 
saponification value (Table 38), which were maximum in the other 
main plot (receiving the lower basal dose). This super ior i ty 
of the higher basal dose for the new mustard v a r i e t i e s has been 
confirmed at Aligarh time and again during the present 
inves t iga t ions (Experiment 2-4) as well as e a r l i e r (Parvaiz, 1980; 
Afridi £t_ a l . , 1983) and by others(page 105). The lower o i l 
percentage noted at the higher basal dose of ni trogen and 
phosphorus has also been noted by Wankhede et_ a_l_. (1970) and 
Holmes and Ainsley (1978). 
Among the v a r i e t i e s t e s t ed , Varuna gave the highest and 
Appressed Mutant, the lowest seed yield (Table 33), This i s not 
- 119 -
unexpected <5y^ e t^ the pronounced differences in the pod number 
per plant , seed number per pod and h e c t o - l i t r e weight of these 
v 
two v a r i e t i e s (Tobies 30, 31, 32). I t may be noted tha t Varuna 
also proved good for quali ty because i t gave the lowest acid 
and iodine values although i t s saponification value was poor 
(Tables 36, 37, 38). 
Considering the main plot means at the same level of 
sub-plot , i t i s evident tha t a l l v a r i e t i e s performed b e t t e r 
at the higher basal dose. Variety RL-18 exhibited more than 
80 per cent increase in seed and o i l y ie ld at t h i s l eve l , 
followed by R,75-2 and Varuna (Figure 12), highlighting t h e i r 
higher f e r t i l i s e r requirement (cf. pages 116-117), On the same 
premises, the nitrogen and phosphorus requirement of the 
remaining three v a r i e t i e s , seems to be low. This applies 
pa r t i cu la r ly to Appressed Mutant tha t showed a difference of 
12 per cent in seed yield and was at par in o i l y ie ld at t he 
two basal levels (cf, page 117), 
I t may be added tha t acid and iodine values were at 
par in most of the v a r i e t i e s . However, four out of six va r i e t i e s 
gave lower saponification value at the higher basal level 
confirming the data on Varuna in Experiments 2 and 3, 
On comparing the perfoimance of the v a r i e t i e s at the 
same level of main p lo t , v a r i e t i e s RL-18 and R,75-2 could not 
manifest t h e i r seed and o i l yielding potent ia l fully at the 
\ 
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lovjer basal dose (Figure 12) and should, therefore , be grown 
only under assured high f e r t i l i s e r a v a i l a b i l i t y . This 
experiment also confiiiTied the e a r l i e r proposition about Varuna 
(page 116) as i t was among the top producers of seed and o i l 
at both l eve l s of basal f e r t i l i s a t i o n in the present study 
a l so . 
Considering the en t i r e data of the six f ie ld t r i a l s 
discussed above, i t may be concluded tha t the following 
additions have been made to the avai lable l i t e r a t u r e on the 
mineral n u t r i t i o n of mustard: 
The comparative adaptabi l i ty of ten high yielding 
v a r i e t i e s to the conditions obtaining at Aligarh (V/estern 
Ut t a r Pradesh) has been tes ted for the f i r s t t ime. Of these , 
Varuna gave the best response to basal ^^^.0^40^40' ^^^^^ proved 
super ior to N^^P^QK^Q. 
Response to f o l i a r applicat ion of various doses of N, P 
and S was studied and N2QPQS2 was established as the optimum 
dose to supplement basal ^50^40^40* """^  proved more economical 
than al l combinations of basal and top appl ica t ions . This 
combination of basal and f o l i a r nu t r i en t s proved prof i tab le for 
cu l t i va t ion of R.75~2, RL-i8, RS-3 and Varuna vjhich responded 
well under local condit ions. 
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Varuna could also be grown prof i tably ( a l b e i t with reduced 
returns) with ^f-o^Ao^An basal f e r t i l i s a t i o n only, i f supplemental 
spray could not be undertaken. 
5,7 Proposals for future work 
As the present inves t iga t ion progressed, i t was rea l i sed 
tha t much s t i l l remains to be done for achieving the national 
objective of increased o i l seed produc t iv i ty . A few suggestions 
are summarised below: 
Optimum date of sowing, plant densi ty, number of 
i r r i g a t i o n s should also be worked out for the present ly 
available high yielding mustard v a r i e t i e s . 
As and when new mustard v a r i e t i e s are evolved in future 
and recompnded for local cu l t iva t ion , the optimum combination 
of f o l i a r and basal nu t r i en t s should be worked out for them. 
Efforts should be made to enhance the qual i ty of o i l 
while ensuring maximum yie lds by manipulating nu t r i t i ona l and 
other p r ac t i c e s . 
The technique of f o l i a r applicat ion should also be 
extended to high yielding v a r i e t i e s of other important edible 
o i l producing crops, l i k e sunflower, ground nut, soybean, 
l inseed and sesamum. 
Last ly , i t would be in t e r e s t i ng to use i sotopic ni t rogen, 
phosphorus and sulphur in the spray to t r a ce the uptake, 
t rans loca t ion and subsequent metabolisation of these n u t r i e n t s . 
CHAPTER - 6 
SUMMARY 
CHAPTER - 6 
SUMMARY 
The importance of the problem "Mineral nu t r i t i ona l 
s tudies on yield and quali ty of mustard" has been br ief ly 
considered. In view of the lacunae in our understanding of 
the p3X)blem, j u s t i f i c a t i o n has been put forward for undertaking 
the present work (Chapter l ) . . 
The l i t e r a t u r e pertaining to the his tory of mineral 
nu t r i t i on , nomenclature of the members of mustard group of 
o i l seeds , t h e i r uses and f e r t i l i s e r requirements and the effect 
of basal and f o l i a r applicat ion of N, P, K and S on t h i s crop 
has been reviewed with special reference to the work done in 
India (Chapter 2 ) . 
The d e t a i l s of the material and methods employed for the 
six f ield experiments have been given together with the relevant 
meteorological and edaphic data (Chapter 3) , 
The data were subjected to s t a t i s t i c a l analysis according 
to the design of each experiment and were found mostly s igni f icant 
(Chapter 4 ) . 
The main r e su l t s have been discussed in the l igh t of the 
findings of e a r l i e r researches undertaken in our own laboratory 
and elsewhere (Chapter 5) and are summarised below: 
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Experiment i (1980-81) was a va r i e t a l t r i a l on 10 
v a r i e t i e s (Appressed Mutant, 'Pusa Kisan", Pusa Kranti , R.75-2, 
RIK-3, RL-18, BS-3, T-11, T-16 and Varuna) grown uniformly 
with N ^ „ P . Q K ^ . Yielding ab i l i t y was assessed by pod number 
per plant , seed number per pod, h e c t o - l i t r e weight, o i l 
percentage and seed and o i l yield and o i l qual i ty , by acid, 
iodine and saponification values, 
Varuna proved best for a l l yield c h a r a c t e r i s t i c s , except 
o i l percentage which was maximum in RL-18. RIK-3 gave the 
lowest seed and o i l y i e ld . Pusa Kisan proved superior (and 
Varuna, moderate) for acid and saponif icat ion values and fiS-3, 
for iodine value. 
Experiment 2 (1980-81) was performed on Varuna to select 
the best dose of N out of 4 leve ls of f o l i a r N with and without 
P and S supplied to supplement 2 basal doses of N and P and a 
unifoaxn dose of K. 
The basal treatment N . Q P ^ proved b e t t e r for al l the 
yield and quali ty ch a r ac t e r i s t i c s (except saponif icat ion value) . 
Spray of ^%n^2^2 9°'^ ® maximum pods per p lant , seeds per 
pod, seed yield and o i l y ie ld , while h e c t o - l i t r e weight and o i l 
percentage were maximum in N^P2^2* "^^^ qua l i ty , N2QP2S2 proved 
best for iodine value only. 
124 
In genera l each spray proved b e t t e r fo r a l l c h a r a c t e r s 
at N. P Q than at N QP^Q. At both b a s a l l e v e l s , N2QPpS2 proved 
b e s t fo r most y i e l d parameters and for i od ine v a l u e . 
Experiment 3 (1980-81) was a l so conducted on Varuna t o 
s e l e c t t h e optimum combination of P and S sprayed t o supplement 
2 basa l regimes of N and P with a uniform dose of K, 
Basal N^p.P.p, again proved b e s t for most of t h e parameters , 
i nc lud ing seed and o i l y i e l d . 
Spray of P0S2 v.'as found bes t f o r pod produc t ion , 
h e c t o - l i t r e weight , seed and o i l y i e l d as well as acid va lue 
and was moderately good for i od ine and s a p o n i f i c a t i o n v a l u e s . 
Spray t r e a t m e n t s gave b e t t e r r e s u l t s wi th ba sa l N . Q P , Q 
than N .p^Pp^. Spray of Po^p gave t h e maximum seed y i e l d at both 
basa l l e v e l s and t h e h ighes t number of pods per p l a n t , seeds 
per pod and o i l y i e l d at N^^ P^ „ . Best acid value and moderate 
i od ine and s a p o n i f i c a t i o n va lues were noted in spray t r ea tmen t 
P0S2 at both t h e basa l l e v e l s . 
The aim of Experiment 4 (1981-82) was t o compare the 
ef f icacy of supplemental f o l i a r a p p l i c a t i o n with t o p - d r e s s i n g 
and t o s e l e c t t h e i r optimum combination with basa l N for Varuna 
grown with a uniform dose of P and K, 
In g e n e r a l , spray t r e a t m e n t s proved b e t t e r t han o t h e r 
t r e a t m e n t s . Of t h e s e , N.^ ( b a s a l ) + ^20'^8^2 ( sp ray ) proved 
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best for pods per plant , seeds per pod, seed y ie ld , o i l 
percentage and o i l yield and moderate for qual i ty c h a r a c t e r i s t i c s 
Even the combination N (basal) + N^ j^Po^o (spray) proved 
economical for seed yield and gave qui te des i rab le acid, iodine 
and saponification values. 
Experiment 5 (1982-83) was l a id out on the basis of the 
data of Experiment 4 , The response of 10 v a r i e t i e s to the 
optimum spray dose Np^PoS ,^ applied with basal N^QP^^K^^ in 
re la t ion to the yie ld and quali ty parameters was studied. 
Maximum seed yield was noted in R.75-2 which was at par 
with Varuna. However, maximum o i l percentage and yield was 
noted in Varuna, RS-3, RL-18 and R.75-2. Pusa Kisan and T-11 
gave lowest acid values. Whereas, Pusa Krant i , RS-3, V§runa 
and RL-i8, being at par, gave lowest iodine value. Variety 
Pusa Kranti gave maximum saponif icat ion value. 
I t i s noteworthy t h a t v a r i e t i e s R,75-2, RL-18 and RS-3 
which proved comparatively poor y i e lde r s in Experiment 1 (basal 
^60^40^40 °'^ -^ y^  ^responded b e t t e r to the supplemental spray of 
^20''^ B^2 ^^ "this experiment and occupied the top posi t ions in 
seed y i e ld . On the other hand, Appressed Mutant, which gave 
very high seed yield e a r l i e r , could not maintain i t s super ior i ty 
in t h i s t r i a l . 
Experiment 6 (1982-83) was conducted to study the 
comparative response of six v a r i e t i e s , selected on the basis of 
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Experiment i , to the spray of ^90^8^2 ^^ ^ basal doses of N 
and P applied with a uniform K dose in re la t ion to yield and 
quali ty c h a r a c t e r i s t i c s . 
The higher dose (N^QP.Q) proved b e t t e r for a l l charac ters , 
except o i l percentage and saponificat ion value. 
Variety Maruna produced maximum seeds followed by T-16 
and R.75-2, Maximum o i l yield was noted in Varuna, R,75-2, 
T-16 and T - l i , v^hich vjere at par. The o i l content was maximum 
in RL-18 and T-11. 
Variety Varuna proved best for acid and iodine values, 
R.75-2 and RL-18 being at par, gave maximum saponification value. 
The in t e rac t ion effect of each variety was b e t t e r at 
N^^ P^.r^  than N.^P^„ for most of the characters . I t was in te res t ing 60 40 40 20 ^ 
to note tha t o i l yield given by Appressed Mutant at both the 
basal doses was at par, proving N^QP^Q to be supra-optimal. At 
lower basal dose (N^P2o)> T- i l and T-i6 and at the N ^ Q P ^ , 
R.75-2 and RL-18 performed b e t t e r for many characters , including 
seed and o i l y ie ld . I t i s in te res t ing to add here tha t Varuna 
gave b e t t e r response not only for seed and o i l yield but also 
for some other parameters at both basal l e v e l s . 
Considering the en t i r e data of the six field experiments, 
the following genera l i sa t ion may be made. 
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Fol iar applicat ion of nu t r i en t s gave b e t t e r y ie lds and 
proved more economical than top-dress ing . Increasing the doses 
of fo l ia r -appl ied nu t r i en t s (N, P or S ) , s ign i f ican t ly increased 
seed and o i l y ie ld , NpQPgS2 proving optimum in the presence of 
the basal dose '^^0^40^40* 
Among the v a r i e t i e s , R.75-2, RL-18, RS-3 and Varuna 
showed grea ter adaptabi l i ty to loca l conditions and can be 
exploited to give b e t t e r r e su l t s by applying the optimum 
combination of basal and fo l i a r nu t r i en t s noted above. However, 
i f spray equipment i s not easi ly avai lable , Varuna may s t i l l 
be grown prof i tab ly . 
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APPENDIX 
APPENDIX 
( a) Hydrochlor ic acid ( 0 , 5 N HCl) 
Hydrochloric acid (21.49 ml) was mixed with 478.51 ml 
of double d i s t i l l e d wate r (DDW) to ge t 500 ml of 0 . 5 N HCl. 
Percen tage of acid x Spec i f i c g r a v i t y x 10 
Normality of an acid = 
Equivalent weight of acid 
(^ ) Iod ine monochloride s o l u t i o n (ICI ) 
Iodine (13 g) was d i s s o l v e d in a mixture of 300 ml of 
carbon t e t r a c h l o r i d e and 700 ml of g l a c i a l a c e t i c acid and the 
r e s u l t i n g s o l u t i o n was d iv ided in to s o l u t i o n s A and B. To 
s o l u t i o n A (20 ml) , 15 ml of potassium iod ide and 100 ml of 
DDW was added and t i t r a t e d aga ins t 0 . 1 N sodium t h i o s u l p h a t e 
s o l u t i o n (Na^S^O^), us ing s t a r c h as an i n d i c a t o r . Chlor ine gas 
was passed through s o l u t i o n B u n t i l t h e amount of 0 , 1 N Na^SpO^ 
requ i red fo r t h e t i t r a t i o n was not more than t h e double of t h a t 
needed in s o l u t i o n A. 
( c ) Phenolphtha le in s o l u t i o n 
Phenolphtha le in (10 g) was d i s so lved in 95 pe r cent 
e thanol and the volume was made upto one l i t r e , 
(^) Potassium hydroxide s o l u t i o n ( 0 . 1 N KOH) 
Potassium hydroxide ( 5 . 6 g) was d i s so lved in 95 p e r cent 
e thanol and the volume was made upto one l i t r e . 
- 1 
- 1 1 
( e) Potassium hydroxide s o l u t i o n ( 0 . 5 N KOH) 
Potassium hydroxide (28 g) was d i s so lved in 95 p e r cent, 
ethatiul and t h e volume vvas made upto one l i t r e . 
( f ) Potassium i o d i d e s o l u t i o n (Kl) 
Potassium i o d i d e (150 g) was d i s so lved in DD17 and t h e 
volume was made upto one l i t r e . 
(g) Sodium t h i o s u l p h a t e s o l u t i o n ( 0 . 1 N Na2S20^) 
Sodium t h i o s u l p h a t e (24 .8 g) was d i s so lved in DDW and 
the volume was made upto one l i t r e . 
( h) Solvent mix ture 
Ethanol (95 per cent ) was mixed with d i e t h y l e t h e r in 1:1 
r a t i o . This mixture of s o l v e n t s was n e u t r a l i s e d , j u s t before 
use , by means of 0 . 1 N KOH s o l u t i o n in t h e presence of 
phenolph tha le in s o l u t i o n as an i n d i c a t o r . 
( i ) St a re h so lu t i on 
Soluble s t a r c h ( i g) was d i s so lved in 100 ml of b o i l i n g 
DDV/. 
